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INTRODUCTION 
Soil micro-organisms have an important influence on soil fertility and plant 
health. In sustainable and low-input cropping systems, the natural role of these micro-
organisms in maintaining soil fertility and bio-control of plant pathogens is more 
important than in conventional agriculture where their significance has been marginalized 
in intensive farming systems due to tillage, high inputs of inorganic fertilizers, herbicides 
and pesticides. There is a vast microbial flora inhabiting to various types of soil, but 
fungi are a major component of the soil biomass. Apart from pathogenic and saprophytic 
fungi, symbiotic flmgi are also found in soil which influence the growth, health and 
productivity of plants (Johansson et ai, 2004). Vittandini (1842) was first to prove that 
rootlets are nourished by certain fungal mycelia, which mantle them. Subsequently, this 
hypothesis elaborated to a theory of mutualistic symbiosis by Albert Bernhardt Frank 
(1885), who named the fungus root organ "Mycorrhizen" from the Greek word "Mykes" 
(Mushroom) and "Rhiza" (Root). 
Mycorrhiza (plural mycorrhizae or mycorrhizas) is the mutualistic symbiosis 
between soil-borne fungi and roots of higher plants, occurring widely in many cultivated 
and natural ecosystem (Smith and Read, 1997; Quilambo, 2003; Strack et al, 2003 ; 
Brundrett, 2004; Johansson et al, 2004 ). The mycorrizal habit has a long evolutionary 
history (Boullard, 1979) and today more than 90% of all plant taxa of terrestrial plant 
species, ranging from thallophyta to angiosperms, form association of one type or another 
with mycorrhizal fiingi (Smith and Read, 1997; Quilambo, 2000). The taxonomic 
position of the plant and fungal partner defines the type of mycorrhiza, each association 
being characterized by specific anatomical or physiological features. 
Two major groups of mycorrhizas i.e., ectomycorrhiza and endomycorrhiza are 
commonly important in agriculture and forestry. They are differentiated by the fact that 
hyphae of ectomycorrhizal fungi do not penetrate individual cells within the root cortex 
(extra-cellular fungal growth), whileas, the hyphae of endomycorrhizal fungi penetrate 
the cell wall (inter and intra-cellular growth in root cortex) and invaginate the cell 
membrane forming specific fungal structures referred to as vesicles and arbuscules. This 
characteristic growth gives the endomycorrhiza the alternate name, vesicular arbuscixlar 
mycorrhiza (VAM), which was changed to referring it arbuscular mycorrhiza (AM) 
because some species did not form vesicles. Although, endomycorrhiza are variable and 
have been further classified as arbuscular, cricoid, arbutoid, monotropoid and 
orchidaceous (Harley and Smith, 1983; Smith and Read, 1997; Brundrett, 2004). 
Of the various mycorrhizal associations, Arbuscular mycorrhizal (AM) symbiosis 
is the oldest (>460 million years BP), most important and ubiquitously associated with 
the large majority of plant families in different ecosystem across the world, ranging from 
the tropics or arctic alpine habitats to mesic and arid habits (Remy et al., 1994; Streck et 
al., 2003; Johansson et al., 2004; Gai et al, 2006). It is estimated that world wide about 
25,000 species of plant, including many arable crops, are capable of forming this type of 
symbiosis (Smith and Read, 1997). The host plants include angiosperms, gymnosperms 
and pteridophytes, all having true roots (Brundrett, 1991). Contrary to this, there are 
plants from different families that have been shown to be mycorrhiza free such as 
Proteceae (Brundrett et al, 1996), Cruciferae, Zygophyllaceae, (Varma, 1998), 
Dipterocaceae, Betulaceae, Myrtaceae and Fagacaeae (Nicolson, 1967). Although, 
Cactaceae, Chenopodiaceae, Cyperaceae, Amranthaceae, and Junaceae were also thought 
to be mycorrhiza free, yet most of the species were found to be infected imder natural 
stressed rangeland conditions (Neeraj et al, 1991).The occurrence has also been reported 
in the gametophytes of some mosses, lycopods and psilotales, which are rootless (Mosse 
et al, 1981). Recently, a report indicated the occurrence also in aquatic plants (Quilambo, 
2003). 
Classification of Arbuscular mycorrhizal fiingi (AMF) has undergone with 
modifications, changing from class Zygomycetes to Glomeromycetes, order Endogonales 
to Glomales and family Endogonaceae to Glomaceae, with new genera being added 
from time to time to accommodate new species (Morton and Benny, 1990; Morton and 
Redecker, 2001; Schussler, 2004). The ordinal name 'Glomales' has now been changed 
to 'Glomerales' (Schussler et al, 2001). Fungi forming AM associations are now 
classified in phylum Glomeromycota, which is divided on the basis of morphological, 
molecular, immunological and physiological characteristics in five families, comprising 
eleven genera viz., Acaulospora, Archaespora, Diversispora, Entrophospora, Gigaspora, 
Glomus,, Geosiphon, Pacispora, Paraglomus, Sclerocystis and Scutellospora. However, 
Schussler et al, (2001) included approximately 160 ftingal taxa of the order Glomerales 
(Glomeromycota) on the basis of spore morphology. Although recent molecular analysis 
indicates that the actual number of Actual AM taxa may be much higher 
(Vandenkoorenhuyse et al, 2002). 
During the formation of AM symbiosis the fungus penetrates the root cortical cell 
walls and forms haustoria like structures (Arbuscules or Coils) that interface with the host 
cytoplasm (Smith and Read, 1997). These fungal structures (especially the highly 
branched arbuscules) provide an increase surface area for metabolic exchange between 
the plants and the fungus. Some AM fungi also produce vesicle, during symbiotic 
interaction, AM fungi germinate and develop a pre-symbiotic mycelium with limited 
growth before coming into contact with the host root to form appressoria. 
After appressorium formation root can be colonized into two different ways i.e. 
Arum type and Paris type (Smith and Smith, 1997). In arum type colonization, the 
hyphae reach in inner cortex and form arbuscules, whileas, in paris type of colonization, 
fungal development is only intracellular and arbuscules are formed from hyphal coil. 
The fungus also maintains an extra-radical mycelium than can extend several centimeters 
from the root (Strack et al, 2003). Hypha of AM fungi have been shown to play an 
important role in soil stabilization through formation of soil aggregates (Tisdall and 
Oads, 1979), in acquiring phosphate initiate and other mineral nutrients (Smith and 
Smith, 1997), and acting as site of sporulation (Gosling., et al 2006). 
Arbuscular mycorrhizal fungi (AMF) benefit their host principally by increasing 
uptake of relatively immobile phosphate ion due to ability of the fungal extra radical 
mycelium to grow beyond the phosphate depletion zone that quickly develops around the 
roots. Further, these fungi have been shown to increase the uptake of immobile nutrients 
such as zinc, phosphorus and copper. Its transport and absorption can also increase 
biomass production in soil with low potassium, calcium and magnesium (Liu et al, 
2002). Other benefits to the host that have been identified include: improved drought 
resistance, increased tolerance to salinity and heavy metals, increased resistance to soil 
pathogens and foliar feeding insects (Smith and Read, 1997; Brundrett, 2004; Gosling et 
al, 2006; Selvaraj and Chellappan, 2006). 
Arbuscular mycorrhiza has a very wide host range which makes them definitively 
different from the bio-trophic pathogens and other root symbionts. This suggests that the 
plant compatibility with these fungi is a generalized and ancient phenomenon, and the 
mechanism that control the ability of these plant to form AM or the ability of AM fungi 
to colonize plant have remained conserved during evolution (Gianinazzi-Pearson,1996). 
Despite decades of investigation, the incidence of mycorrhiza in natural plant 
communities and the nature of the relationship between mycorrhizal fimgi and plant 
species continue to intrigue ecologists. Over the past several years, there has been 
growing appreciation of the importance of plant and fungal interaction especially 
arbuscular mycorrhizal (AM) fungi on terrestrial ecosystem (Brundrett, 1996., Dwivedi et 
al,2003., Stunkenbrock and Rosendahl, 2005). 
Most natural ecosystem comprises several AMF species, forming AMF 
communities that coexist in a mixed population, with certain become dominant in a 
particular patches and subsequently being replaced as environmental and cultural 
condition change (Walker et al, 1982; Mehrotra, 2007). According to Quilambo (2003), 
AMF diversity is a major factor in the maintenance of plant biodiversity, ecosystem 
stability and function. Brundrett (2004) found that AM fungi do not have any host 
specificity and each plant species form that community. It is, therefore, hypothesized that 
differential response of plant species to specific AMF species exist (Vyas etal., 2006). In 
a similar way, a particular AMF species can infect a number of host but the extent of 
spore population, root colonization and infection may vary under the influence of varying 
environmental factors in natural ecosystem and also by soil fertility, soil type, species of 
mycorrhizal fungi and plant cultivars (Dwivedi, 2008; Mishra et al., 2008). 
Phenotypic and genotypic variation in response to AMF colonization between 
plant cultivars or genotype of a single species, with respect to nutrients acquisition and 
growth (i.e. mycorrhizal dependency), have also been reported (Brundrett, 2004, and 
Fracchia et al., 2004). Moreover, the differences in the relative mycorrhizal dependency 
between crop species or even cultivars are found to be related with inherent plant factors, 
such as root structure, metabolism and plant growth rates which could affect the 
phosphorus demand (Koide, 1991). But, the differential control of infection by plant 
genotype still remains poorly understood. 
On the other hand, donnancy of propagules is well-documented survival strategy 
for many soil-borne pathogens, but this phenomenon in AM colonization varies with 
change of season and also affects the establishment of AM fungi in plants under field 
conditions, depending on the efficiency of AM fungi (Giovermetti and Nicoison, 1983). 
Seasonal shifts in AM colonization have also been observed, indicating that species-
specific variation also exists. 
Therefore, diversity of AM association in different crops is currently of great 
interest due to important role played by different crops, especially by legumes and cereals 
in enriching soil fertility (Mridha, 2002). Distribution and diversity of AMF in different 
plant species of a particular agro-ecological zone are important in order to evaluate the 
natural status of AM fungi in that region (Abbott and Robson, 1991). 
Consequent upon, the selection of most specific and appropriate plant-flmgus 
association for each specific environmental and ecological situation is one of the main 
challenges in current researches on AM fungi. First step in using the indigenous 
community of AM fungi at a site is to understand more thoroughly the community 
structures, biodiversity and effectiveness with the existing crops. But no attempt has been 
made so far on comparative study of the diversity of AM fungi in different agricultural 
crops, based on agro-ecological zones. 
Therefore, the present study was aimed at investigating the occurrence and 
association of arbuscular mycorrhizal fiingi (AMF) morphotypes in diverse crop, season 
and location under the following objectives: 
1. Isolation and identification of Arbuscular Mycorrhizal Fungi (AMF) 
morphotypes, occurring in diverse group of kharif crops and in rabi sown pulse 
crops. 
2. Estimation of AM flmgi' at varying soil depth in a fallow field during kharif 
season. 
3. Occurrence and association of AMF communities in diverse group of kharif sown 
crops and in three rabi season pulse crops. 
REVIEW OF LITERATURE 
Mycorrhiza is a symbiotic association that forms between the roots of most plant 
species and fungi. In natural ecosystem, the plant roots are almost entirely mycorrhizal. 
There are a number of different types of fungi that form these associations, but for 
agriculture, it is arbuscular mycorrhizal fungi (AMF) (Schussler et al, 2001). AM fungi 
have a very wide host range which makes them definitely different from the biotrophic 
pathogens and other root symbionts. This also suggests that the plant compatibility with 
these fungi is a generalized and ancient phenomenon, and the mechanism that controls 
the ability of these plant to form arbuscular mycorrhizas and to colonize plant have 
remained conserved during evolution (Gianinazzi-Pearson, 1996). AM fungi are 
ubiquitously associated with a large number of plant families and form mutualistic 
relationship with more than 90 percent of major group of vascular plants in different 
cultivated and natural ecosystem (Brundrett, 2004; Gai et al, 2006). 
Intensive researches on various aspect of arbuscular mycorrhiza throughout the 
world in the last ten decades have brought to the fore the role of mycorrhizal associations 
in increasing the (i) uptake of mineral nutrients particularly phosphorus (Harley and 
Smith 1983); (ii) drought tolerance (Auge and Moore, 2005); (iii) greater resistance to 
attack of certain root pathogens (Vyas and Shukla, 2005),(iv) increase in photosynthetic 
activity (Brown and Bethlenfalvay,1988); and (v) reproduction in plants (Koide et al, 
1988). 
Despite decades of investigation, the incidence of mycorrhiza in natural plant 
communities and the nature of the relationship between mycorrhizal fiingi and plant 
species continue to intrigue ecologists (Mehrotra, 2007). Over the past several years, 
there has been growing appreciation of the importance of plant and fungal interaction 
especially arbuscular mycorrhizal fungi (AMF) on terrestrial ecosystem ( Dwivedi et al, 
2003). 
In a natural ecosystem, mixed populations of AM fungi coexists, with certain 
become dominant in a particular patches and subsequently being replaced as 
environmental and cultural condition change (Mehrotra, 2007). It is well understood that 
AM fungi do not have any host specificity and each plant species form that community 
(Brundrett, 2004). 
The taxonomic position of the plant and fungal partner defines the type of 
mycorrhiza, each association being characterized by specific and anatomical features. 
Phenotypic and genotypic variations have also been reported in response to AMF 
colonization (mycorrhizal dependency) between plant cultivars or genotype of a single 
species, with respect to nutrients acquisition and growth (Smith and Smith, 1997). Such 
differences in the relative mycorrhizal dependency between crop species or even cultivars 
are related to inherent plant factors such as root structure, metabolism and plant growth 
rates which could affect the phosphorus demand (Koide, 1991). But, the differential 
control of infection by plant genotype still remains poorly understood. 
The effect of AM in plants is also a result of host dependence on AMF 
community size and structure, soil and climatic conditions, and the compatibility between 
these factors. The AM contribution to crop growth and nutrient uptake in a particular 
plant fungus soil combination within certain climatic conditions varies with time, and the 
combination varies both with time and space in field (Abbot and Robson,1991). 
Several factors such as host dependence, age of host, sporulation ability of AM 
fungal species, presence of other AM fungal species or composition of indigenous soil 
micro-flora, spore dormancy and the distribution patterns of AM fungal spores in soils, 
seasonal influence and other biotic factors can affect AM fungal sporulation in different 
plant rhizospheres (Walker et al, 1982; Giovannetti and Nicolson, 1983). 
Evolution of arbuscular mycorrhizal (AM) fungi; 
Perhaps the most wide spread and certainly significant, mutualism between plants 
and fungi is the root symbiosis termed Vesicular-arbuscular mycorrhiza (VAM). The 
"arbuscular mycorrhiza" (AM) replaced the earlier term "vesicular-arbuscular 
mycorrhiza"( VAM) because not all endomycorrhizas of this type develop vesicles, but 
all form arbuscules. The wide spread geographic and biologic distribution of modem 
arbuscular mycorrhizae suggested to some of the antiquity of this symbiosis (Nicolson, 
1967), while others hypothesized that this kind of mutualism was pivotal in the origin of 
the terrestrial flora (Brundrett, 2004). Although interpretations of the evolution of 
mycorrhizal mutualisms continue to be speculative, but the existence of the arbuscules in 
the early Devonian indicates that nutrients transfer mutualism may have been in existence 
when plants invaded the land (Remmy et al, 1994). 
The word "mycorrhiza" was first coined by Frank in 1885 by recognizing special 
structures in tree roots. Whileas, Kidston and Lang (1921) observed well preserved 
fungal structures in fossils of Devonian plants. The oldest fossil evidence for mycorrhiza 
was from the early Devonian, around 400 million years ago (MYA). Rhine chart 
contained the earliest fossil assemblage yielding the plant preserved in the form of fossil 
arbuscules found in Aglaophyton major, a Devonian plant showing features of both 
vascular plants and bryophytes. This discovery provided unequivocal evidence, 
supporting the hypothesis that AMF were instrumental in the colonization of land by 
ancient plants (Remy et al., 1994). 
However, the origin of Arbuscular Mycorrhizal Fungi (AMF), based on molecular 
clock dating, is estimated to have occurred around 600 million years ago (MYA) 
(Redecker et al. 2000). A new study by Redecker et al. (2000) has pushed the date back 
for arbuscular mycorrhizae, describing it from Ordovician rocks in Wisconsin, as 
fossilized fungal hyphae and spores that stongly resemble those of the modem genus 
Glomus. These fossils suggest that such fungi predate the first vascular plants and might 
have been either free living or perhaps forming mycorrhizal-like relationships with the 
bryophytes, which comprised the first terrestrial plants. This second suggestion is made 
possible by two facts: (i) modem a arbuscular mycorrhizae are known to form such 
relationships with Bryophytes; and (ii) all modem Glomales ftingi form mycorrhizae 
(Redecker et al, 2000). Nowadays, AMF occur in the majority of the extant plant 
families in cultivated and natural ecosystems (Mehrotra, 2007). 
Definitions of mycorrhizal association: 
The terms symbiotic and mutualistic have been used interchangeably to describe 
mycorrhizal associations. Symbiosis was originally used to define both Lichens and 
Parasites, but many scientists now use this term to describe beneficial associations only. 
Fungal symbioses have been defined as 'all associations where fungi come into contact 
with living host from which they obtain, in a variety of ways, either metabolites or 
nutrients'. However, this definition excludes associations of myco-heterotrophic plants 
that are entirely supported by a fungus. Only the broadest definition of symbiosis (e.g. 
living together of two or more organisms) applies universally to mycorrhizal associations 
(Smith and Read, 1997), The term mutualism implies mutual benefits in associations 
involving two or more different living organisms. Mutualistic associations include a wide 
range of direct and indirect, or symbiotic and non-symbiotic associations, many of which 
function by means other than nutrient transfer ( Brundrett, 2004). 
The term mycorrhiza (meaning fiingus-root) was originated by Frank (1885), who 
was fairly certain that these symbiotic plant-fungus associations were required for the 
nutrition of both partners. More recently, mycorrhizas have been defined as associations 
between fungal hyphae and organs of higher plants concerned with absorption of 
substances from the soil (Harley and Smith, 1983). Broader definitions have also been 
published, but are of little value as they do not exclude pathogenic associations. 
Mycorrhizas are now considered to differ primarily from other plant-fungus associations 
because they are intimate associations with a specialized interface where exchange of 
materials occurs between living cells (Smith and Smith, 1997). 
Mycorrhizal association is the mutualistic symbiosis (non pathogenic 
association) between soil- borne fungi and the roots of higher plants (Quilambo 2003). 
Infact, the mycorrhizas are a symbiotic association essential for one or both partners, 
between a fungus (specialized for life in soils and plants) and a root (or other substrate-
contacting organ) of a living plant, that is primarily responsible for nutrient transfer. 
Mycorrhizas occur in a specialized plant organ where intimate contact results from 
synchronized plant-fungus development. Any plant containing a fungus can be 
designated as a 'host', regardless of whether the association is beneficial or not. 
Many terms (symbiont, associate, mycobiont, inhabitant, etc.) can be used to 
designate mycorrhizal fungi within plants, but it is usually sufficient to call them fungi. 
The neutral term 'colonization' is preferential to infection (implying disease) when 
describing mycorrhizal fungus activity (Brundrett et al, 1996; Smith and Read, 1997). 
Similarly, 'inoculum potential' or 'inoculum levels' should be used to designate fungal 
activity in soil, rather than infectivity, as is the case with other soil fungi and fungal 
entities in roots should be identified as 'colonies' rather than infection units (Brundrett et 
al, 1996). 
Classification of AM fungi; 
Classification of Glomeromycota started as early as in 1809 with the description of 
the genus Endogone (Gerdemann and Trappe, 1974). The name Endogone was initially 
used to describe the phycomycetous endomycorrhizal fungi, which was later changed to 
Glomus. A revision based on a formal classification was made by Gerdamarm and Trappe 
(1974), who classified the group into seven genra. Later, Morton and Benny (1990) 
classified AMF to new order Glomales based on patterns of morphological characteristics 
of somatic (Hyphae, Arbuscules and Vesicles) and reproductive stages (Spores), patterns 
of common descent, ontogeny and spore germination. They raised the taxonomic level on 
the basis of mycorrhizae formation to the order Glomales and created two sub-orders 
Glomineae and Gigasporineae, two new families Acaulosporaceae and Gigasporaceae 
and they amended the family Glomaceae. 
The most recently revised classification is based on molecular techniques with a 
comprehensive SSU rRNA analysis. The group has been classified in a new 
monophyletic phylum, the Glomeromycota with order Glomerales, Archaeosporales, 
Paraglomerales and Diversisporales (Shuepier et al, 2001). 
Recently, Walker et al. (2004) on the basis of molecular morphological and 
cytological, evidences proposed a new Genus Gerdamannia and placed it in a separate 
family Gerdemanniaceae under Glomeromycota. Whileas, Baszkowski (2004) added a 
new species Glomus aurantium and Glomus xanthium in a Glomeromycota. In the same 
year, Rani et al. (2004) also added a new species Glomus hyderabadensis from India. On 
the other hand, Reddy et al. (2005) reviewed several taxonomic and phylogenic 
relationship of AM fungi based on molecular approaches. 
Morton (1988) and Walker (1992) both emphasized the importance of taxonomy 
in experimentation, using AMF as a controlled biological variable. Comparative 
information on distribution and diversity of AMF species in different continents is still 
being collected. Many species are being re-described and some species merged or 
assigned to new taxa. Description of new species continues in the International Culture 
Collection of Vascular-Arbuscular and Arbuscular Mycorrhizal Fungi (INVAM), United 
States and the International Bank for the Glomeromycota at Dijon, France, progressively 
working on collection from all over the world to bridge this knowledge gap. 
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The out line classification of AM fungi: 
(1) Old classification (Gerdemann and Trappe, 1974) 
Order- Endogonales 
Family- Endogonaceae 
GenQra-Endogone, Sclerogone, Glomus, Sclerocystis, Acaulospora, 
Entrophospora, Gigaspora, Scutellospora. 
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(2) New classification (Morton and Benny, 1990) 
Classification Scheme For Glomalean Taxa 
(Morton and Benny, 1990) 
Glomaies 
Suborder 
Gigasporineae 
Family-Gigasporaceae 
Genus 
Gigaspora Scutellospora 
Presence of Endospore 
spore 
Inner membrane formation and 
Wall and giant germination 
Spore in nature shield on 
Membrane wall 
r 
Glomaceae 
end of 
funnel 
shaped 
hyphae 
i 
Genus 
Glomus Sderocystis 
Spore on Spores in 
symmetrical 
fashion on a 
central sterile 
hyphal plexus 
Glommeae 
Family 
\ 
Acaulosporaceae 
1 
Genus 
I \ 
Acaulospora Entrophospora 
Spore present Form 
laterally on within the 
swollen hyphae neck of 
(sessile spores) hyphal 
terminus 
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Classification Scheme for Glomeromycotan Fungi (Shubpier et al.y 2001) 
Phylum 
Order- Archaeosporales 
1-Family-
(i) Archaesporaceae 
Genera-
Archaeospora 
2-Family-
(ii) Geosiphonaceae 
Genera- I 
Geosiphon 
Glomerpmycota 
Diversisporales Glomerales Paraglomerales 
(i) Gigasporaceae (i) Glomaraceae (i) Paraglomeraceae 
Gigaspora 
Scutellospora 
(ii) Acaulosporaceae 
Acaulospora 
Entophospora 
Glomus group Aa 
Glomus group Ab 
Glomus giOM^ B 
Paraglomus 
3-Family- (iii) Diversisporaceae 
Genera- Diversispora 
Distinct morphological vis a vis taxonomic characters of AM fungi; 
Evidence of the ecological importance of AM fungi is abundant, but understanding 
of the distinct roles of the individual's fungus species is limited. Spore morphology and 
spore enumerations are the traditional methods for taxonomic identification and AMF 
diversity studies. Field recovered spores are often unidentified spores (Bever et al, 
1996), and fungal diversity information gathered by this approach is incomplete because 
13 
sporulation is dependent on the species, host, seasonality, growth conditions, and other 
environmental factors (Oehl et al., 2003). 
Spore of AM fungi is the major form of propagules that can be identified 
accurately to species. Consequently, they are very important in determining AM fungal 
species distribution. The more emphasis has been given on the wall structure, which is 
also a valid criterion (Walker, 1983, 1992; Smith and Read, 1997). In the members of 
family Glomaceae i.e.. Glomus and Sderocystis the spore are formed on a cylindrical 
sporogenous hyphae. Walker (1983) was the first to try and make sense of all the 
confusion, as new species were being described at that time based on any detectable 
difference. He organized the various discrete phenotypes of spore sub-cellular structures 
into wall classes and then depicted each wall in monograph from for standardization and 
ease of comparison. 
i) Unit wall: 
A single-layered and rigid wall is clearly distinguished from others and consistent 
among spores of the same state of maturity within a species. It can be found in species of 
all genera, although it often confused when the laminations are so adherent that can not 
be discerned. Walker (1983) also interpreted in his classic paper that the laminated wall 
of ^. spinosa appears incorrectly as a unit wall, thus, the distinction can be difficult one 
in some species. According to him, immature spore in Glomus species only have unit 
walls in yoimg phase, but these walls then become "laminated" or "evanescent" as they 
degrade and slough (Walker, 1983). 
ii) Laminated wall: 
A rigid wall made of several layers laid down as the spore matures. Such wall has 
an increasing number of layers as the spore age. Recognition of this wall fairly clear cut 
as long as the laminations are laid down in such a way that they could be resolved at the 
light microscope level. However, this criterion varied greatly among species and genera 
(Walker, 1983). 
ill) Evanescent wall: 
A unit or laminated wall that breaks down and sloughs as the spores matures. 
Phenotypes that could be classified as laminated or membranous walls also may be 
14 
evanescent and many different phenotype, resulting from compositional differences 
among mostly unit walls, like the spore of G. mosseae, which has mucilaginous 
properties and stains dark red to brownish red in Melzar's reagent (Walker, 1983). 
iv) Membranous wall: 
A very thin and often colorless wall that wrinkles and collapses in hypertonic 
solution. Being flexible, it often does not break when a spore is crushed. The surface of 
these walls may be smooth or beaded. This definition embodied structures that looked 
very similar (Thin, Colorless, Folding), but which had very different origins and 
relationship with neighboring structure (Walker, 1983). 
v) Coriaceous wall: 
A colorless wall in sops that is thicker than a membranous wall, but also is 
flexible and thus tough to break. It is described as having a leather-like appearance in 
hypertonic solutions. The problem with this structure is that the distinction between it and 
a membranous wall sometimes is difficult because of overlapping variation and 
phenotype (Walker, 1986). 
vi) Amorphous wall: 
This wall is described as a colorless wall inside spore that is highly plastic with 
applied pressure to crushed spores in acidic mounts like PVLG or lacto-phenol. It stains 
red-purple to dark red-purple in melzar's reagent. The definition of this structure is based 
on behavior in an acidic environment, and thus distorted its true representation in nature. 
In reality, it is just a thicker wall with longer chained glucose moieties than a coriaceous 
wall. 
vii) Germinal wall: 
Spain et al. (1989) mentioned this wall as innermost wall only in spore of 
Gigaspora species. It is of similar phenotype to layers of the laminated wall, but form 
warty protuberances or papillae prior to germ tube formation .This is only wall named for 
its fimction rather than structure (which is obvious only at the ultra structure level). There 
really is no evidence that is a separate wall. It appears to have been defined to highest its 
difference in ftinction fi-om the laminated wall. 
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viii) Expanding wall: 
This wall is described as a unit wall which expands and produces perpendicular 
striations in some mounts, such as lactic acid or polyvinyl alcohol (PVLG). It must be the 
outermost wall of a spore for the phenotype to be expressed. This wall probably is the 
most dubious, because it is likely an artifact of spore state (most were parasitized) and 
mounting condition. In reality, it represents a unit wall that has a chemical structure 
which responds to acidic conditions by expanding and altering its appearance in the 
process. It has been found only in Glomus pansihalos and possibly in Glomus coronatum 
(Berch and Koske, 1986). 
ix) Peridium: 
In some species of Glomus and Sclerocystis, the spores develop a hyphal network 
around the individual spores and in small to large aggregates of spores. These networks 
presumably arise from the subtending hypha. However, the identification of healthy 
spores may pose problems, because morphological characters are scare in some AMF. 
For example, Glomus and Paraglomus cannot be discerned by spore morphology but are 
distantly related, even after the separation of the genus from Paraglomus ( Morten and 
Redecker, 2001). 
Life cycle of AM fungi: 
The life cycle of AMF generally starts from the spores present in soil or from 
adjacent mycorrhizal plant roots. The emerging hyphae (H) from spores or mycorrhizal 
roots grow towards the plant root. At the root surface, the tip of the hypha swells and 
forms a specific structure called the appressorium (Ap). From these appressoria, infective 
pegs (Ip) emerge. Hyphae penetrate the adjacent epidermal root cell walls with the help 
of penetration pegs. The particular point at which hyphae from any propagule first enter 
the root is called the primary entry point (E). The number of primary entry points formed 
on a root surface by a fungus is equivalent to its inoculum potential (Fig. 1). 
Inside the root, hyphae grow intercellulariy to the inner cortical layers and in the 
inner cortex region hyphae start to grow inside the ceils. After that the host cell 
membrane invaginates and envelopes the fungus and forms a new compartment called the 
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apoplastic space. This space allows the efficient transfer of nutrients between the two 
symbionts but prevents direct contact between plant and fungal cytoplasm. The hyphae 
form different structures such as hyphal coils, arbuscules (Ar) and vesicles (V) inside the 
cortical cells but outside the cytoplasm (Fig. 1). 
Arbuscules are highly dichotomously branched intracellular structures and could 
be the site of exchange of phosphorus, carbon, water and other nutrients (Smith & Read, 
1997).Vesicles are lipid-filled and thought to be carbon storage structures but they can 
also serve as reproductive propagules. Not all the AMF form vesicles e.g. Gigasporaceae 
(Morton & Benny, 1990). Formation of the vesicles depends on the fungal symbiont as 
well as on the environmental conditions (Smith & Read, 1997). 
Once the infection process has begun, colonisation starts both within a root by 
intraradicai mycelium (InM) and along the root by extraradical mycelium (ExM). The 
intraradical mycelium colonises the root in different patterns. Based on its structure, the 
mycorrhiza is separated into Arum, Paris and Intermediate type (Gallaud, 1905). 
In the Arum type, intercellular hyphae grow in a longitudinal manner along the 
root and penetrate the cortical cells to form arbuscules. Arbuscules arise from these 
intercellular hyphae on short side branches, typically at right angles to the main root axis. 
The Arum type morphology is abundant in crop plants (Smith & Smith, 1997). 
In the Paris type, intercellular hyphae are absent and the hyphae are entirely 
intracellular and irregularly coiled, some of them forming arbuscules that are not terminal 
but are localised in definite layers. The arbuscules are formed as intercalary structures 
and called arbusculate coils (Cavagnaro et al, 2001). The Paris type morphology is more 
often seen in plants in natural ecosystems. Sometimes, both types of structures are 
formed in the same root system e.g. cucumber and tomato and this has been termed the 
Intermediate type (Smith & Smith, 1997). 
The extraradical mycelium associated with the root radiates out into the soil. 
These hyphae are two distinct types, runner and absorbing (Smith and Smith, 1997). The 
runner hyphae are thicker and grow in the soil to find host roots. The hyphae that 
penetrate the roots are initiated from the runner hyphae. The absorbing hyphae develop 
from the running hyphae and form a network of thirmer hyphae extending into the soil 
and absorb the nutrients to transport to the host. 
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In certain AM fiingi, e.g. Gigaspora and Scutellospora species, typical clustered 
swellings are formed on extraradical hyphae called auxiliary cells and the function of 
these structures has yet to be identified. Finally reproductive structures, spores (S) can be 
formed as hyphal swellings either in the roots or, more commonly, in the soil. Spores 
may be formed singly or in clusters. Spores function as storage structures, resting stage 
and propagules. Generally spores are formed when nutrients are remobilised from roots 
where the AM associations are senescing (Brundrett et al., 1996). 
Diversity of AM fungi: 
In accordance with the evolutionary history, AM symbiosis can be found in most 
of the ecosystems including dense or tropical rain forests, scrub, savanna, open 
woodlands, grasslands, heaths, sands, dunes, aquatic environments, deserts and more 
commonly in agricultural lands. AM fungi are virtually ubiquitous and so have a broad 
ecological range, being present in temperate, tropical, subtropical, arid, semi-arid, arctic 
regions of the earth (Strack et al, 2003; Mehrotra, 2007). 
Most natural ecosystem comprises several AMF species, forming AMP 
communities (Walker et al, 1982). Diversity in AM fungi determines the plant 
biodiversity and ecosystem viability and productivity and therefore, influences the plant 
communities by affecting species richness or species evenness. The effect of AM in 
plants is also a result of host dependence on AMF community size and structure, soil and 
climatic conditions, and the compatibility between these factors. Several other factors 
such as age of host, sporulation ability of AM fungal species, presence of other AM 
fungal species or composition of indigenous soil micro-flora, spore dormancy and the 
distribution patterns of AM fungal spores in soils, seasonal influence and other biotic 
factors can affect AM fungal sporulation in different plant rhizospheres (Walker et al, 
1982). According to Giovannetti and Nicolson (1983) AM colonization also varies with 
change of season and seasonal effects also influence the establishment of plants under 
fields conditions, depending on the efficiency of the indigenous AM fungi. Changes in 
soil conditions and cropping pattern also modify the dominance of AM fungi. 
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Fig.l. Different structures involved in the AMF life cycle and observed during root 
colonization: hyphae (H), entry point (E), appresorium (Ap), infection peg (Ip), arbuscule 
(Ar), vesicle (V), intraradical mycelium (InM), extraradical mycelium 
(ExM) and spore (S). 
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Regarding plant communities, there is a large number of possible consequences 
of AM colonization. Brundrett (2004) also stated that AM flingi do not have any host 
specificity and each plant species form that community. On the other hand, different 
plant species cause the build up of diverse populations of AM fungi in the soil. Most of 
the economically important crops are infected by AM fungi (Hayman, 1982), but dense 
AM infections are common in most species of Leguminoseae and Gramineae. 
Phenotypic and genotypic variations have also been reported in response to AMF 
colonization (mycorrhizal dependency) between plant cultivars or genotype of a single 
species, with respect to nutrients acquisition and growth (Smith and Smith, 1997). Such 
differences in the relative mycorrhizal dependency between crop species or even cultivars 
are related to inherent plant factors such as root structure, metabolism and plant growth 
rates which could affect the phosphorus demand (Koide, 1991). However, Bnmdrett 
(1991) noted that non-mycorrhizal plants occur in habitats where the soils are very dry, 
saline, waterlogged, severely disturbed and where soil fertility is extremely high or 
extremely low. 
Assessment of diversity in AM fungi: 
Most information about the dynamics and diversity of AM flmgi in field soils is 
derived from studies of the abundance and types of spores or of total length of 
mycorrhizal root infection (Brundrett, 2004; Mehrotra, 2007). Spore population appears 
to be governed by a number of interacting factors; among them are initial spore counts, 
soil nutrients and texture, moisture, host plant genotype, plant cover, etc. The depth of 
sampling is also one of the important factors, which may influence the assessment of 
species composition and richness. 
The quantitative and qualitative composition of spore populations of AM fungi 
results from the complex fungus/plant/habitat interactions. In addition, spore numbers 
can reflect the relative importance of individual AMF species within populations, but 
that this caimot necessarily be related to their infectivity (Dodd and Schenck, 1990), as 
fungi sporulate in response to nutrient limitation or other stresses. 
Available literature clearly reveals the existence of taxonomic, functional and 
genetic diversity in AM fungi or species richness and the effect of various biotic and 
abiotic factors on the diversity of AM fungi have also been studied (Abbot and 
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Robson,1991;Brundrett, 2004; Mehrotra, 2007). However,0' Denell et al. (2001) 
opined that we do not yet fully understand what drives diversity in soils or how armed 
with such knowledge one might manipulate microbial diversity for better land 
management or improving agricultural productivity. 
i) Taxonomic diversity: 
Identification of AM fiingi using morphological characteristic has always posed 
problems for taxonomists (Morton, 1993; Mehrotra, 1997), as these fiingi cannot be 
cultured on artificial media, which is essentially needed for minimizing the effect of 
environmental and biotic factors on the morphological characteristics. Moreover, a 
complete and accurate description of each AM fungus is essential for its proper 
identification and classification, however, it is also important for a number of reasons, 
which includes (i) understanding the phenotypic diversity in natural, managed and 
disturbed ecosystem; (ii) assessing the competitive abilities of isolates in plant growth 
promotion activity; (iii) studying the physiological, molecular and bio-chemical 
phenomena in mycorrhiza and (iv) maintaining adequate quality control and purity of 
commercial inoculum. 
The essential foundation for utilization of AMF depends on the determination of 
species, which is not adequately done in most of the studies undertaken on this group of 
fungi. Morton (1988) and Walker (1992) both emphasized for the importance of 
taxonomy in experimentation, using AMF as a controlled biological variable. 
Assessment of AMF species in field soils is not easy because it is mainly based 
on the spores present at different stages of development (Morton, 1995) and spore wall 
characteristics (Walker, 1983, 1992; Mehrotra and Baijal, 1994). While as Douds and 
Millner (1999) have questioned for the use of traditional taxonomic identification of 
spores for describing AMF community diversity due to the following limitations: (i) the 
relative abundance of the spores of a species may not reflects its functional importance 
or even its relative biomass contribution to community as a whole i.e., the number of 
spores in the soil may not reflect the relative amount of colonization of root by the 
fungus or the amount and distribution of hyphae in the soil, (ii) non-sporulating species 
may be present which may be a significant member of the vegetative community, but 
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because of date of sampling, local environment or host plant regulation of carbon 
expenditure, be unable to produce spores yet be well able to persist to the following year 
as infective hypha in root or soil (iii) spores collected from the field may be difficult to 
identify as a result of degradation of spore wall. 
AM fungi are usually identified according to the morphology of their spore 
and spore sub-cellular diversity is expressed as wall types viz., evanescent, laminated, 
membranous, unit (Walker, 1983), expanding (Berch and Koske, 1986), amorphous 
(Morton, 1986), coriaceous (Walker, 1986) and germinal (Spain et al, 1989), which 
possess unique properties and are considered as stable structures. Mehrotra (1996) found 
that the absence of spores of an AMF species, therefore, does not necessarily indicate its 
absence in the community. The establishment of a functional symbiosis between AMF 
and host plants involves a sequence of recognition events, leading to the morphological 
and physiological integration of the two symbionts (Giovannetti and Sbrana, 1998). The 
key features in the life cycle of AMF are spore germination, pre- symbiotic mycelial 
growth phase, differential hyphal branching, appresorium formation, root colonization 
and arbuscule development (Giovannetti et al, 1994). Root colonization differs 
considerably among AM fimgi and some studies have been done to understand the 
taxonomic basis for such variations in the colonization strategy of AMF. Repeated field 
collection or establishment of successive trap cultures (Stutz et al, 2000) can greatly 
improve the assessment of species composition in natural ecosystems. Hart and Reader 
(2004) found that most Glomaceae isolates colonized roots before Acaulosporaceae and 
Gigasporaceae isolates. They also observed that Glomaceae isolates had high root 
colonization but low soil colonization, Gigasporaceae isolates showed the opposite 
trend, whereas Acaulosporaceae had low root and soil colonization. 
The anatomy of AM differs with the host-endophyte combinations or with 
certain soil conditions. However, Abbott and Robson (1991) suggested that the anatomy 
of AM fungus infecting different hosts remain the same and this feature could be used as 
additional taxonomic criteria for identification of AMF. Two anatomical types of root 
colonization viz. (i) Arum-type, defined on the basis of an extensive intercellular phase 
of hyphal growth in the root cortex and development of terminal arbuscules on 
intracellular hyphal branches, and (ii) Paris-type, defined by the absence of intercellular 
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phase and presence of extensive intracellular hyphal coils, have been described to 
discriminate between the anatomical structures at the genus level. Whilst, the fungal 
species Glomus intraradices, G. mosseae and G. versiforme form Arum-type, the 
Gigaspora margarita, Glomus coronatum and Scutellospora calospora have been 
reported to form the Paris-type arbuscular mycorrhiza (Cavagnaro et al, 2001). 
Ahulu et al. (2005) studied 35 plant species belonging to 20 families and 
categorized AM morphotypes in 14 families: (i) Arum type- Rosaceae, Olsaceae, 
Lauraceae, Vitaceae and Compositae; (ii) Paris type- Equifoliaceae, Ulmaceae, 
Araliaceae, Theaceae, Magnoliaceae, Rubiaceae, and Dioscosaceae; (iii) both or 
intermediate types-Caprifoliaceae, and Gramineae. Bakshi (1974) was among the 
pioneer workers, who discovered 14 spore types viz., Glomus macrocarpum, G. 
macrocarpum var. geosporum, G. mosseae, Glomus sp., Sderocystis ceremoides, 
Sclerocystis sp., Gigaspora calospora, Acaulospora sp., Endogone gigantea, Endogone 
microcarpum, Endogone 1, Endogone 2, Endogone 3. However, Gerdemann and Trappe 
(1974) removed the AMF from Endogone and placed them in four genera viz., Glomus, 
Sclerocystis, Acaulospora and Gigaspora. Gerdemann. 
The 1980s and 1990s witnessed a spurt in reports of AM species from different 
region of India. Bhattacharjee and Mukerji (1980) reported several Glomus species from 
Indian soils. Bhattacharjee et al. (1982) reported Glomus reticulatum from soils of 
Bangalore. Gangopadhyay and Das (1982) reported several AM species from India. 
Mukherji et al. (1983) reported Glomus multisubstensum from soils of Delhi. Mehrotra 
and Baijal (1992a) reported a new species Glomus sterilum, which produces sterile 
sporocarps without chlamydospores from Allahabad, Uttar Pradesh. 
More than 102 AM species have so far been reported from India Members of the 
genus Glomus have been found to be the most common AM species. The widespread 
occurrence of Glomus may be attribute to their reproduction (sporocarp formation), 
lower host preference, and wide range of pH tolerance (Manoharachary et al, 2005). 
While as, Grippa et al. (2007) recovered a total of ten spore morphotypes from the 
rhizosphere of A^. procenm, most common species recovered were Acaulospora mellea, 
A.foveata, and Glomus sp. Li et al. (2007) collected AMF spores from rhizospheric soils 
of representative plants grown in tliree habitats, and recorded a total of 47 taxa of AMF 
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including Glomus (31), Acaulospora (8), Scutellospora (6), Entrophospora (1) and 
Gigaspora(l). 
Zhang and Quo (2007) investigated the colonization and diversity of AM fiingi 
associated with 24 moss species belonging to 16 families in China. A total of 15 AM 
fungal taxa were isolated, 11 belonged to Glomus, 2 to Acaulospora, 1 to Gigaspora, and 
1 to Paraglomus. These results suggest that AM fungal structures commonly occur in 
most mosses and that diverse AM fungi, particularly Glomus species, are associated with 
mosses. 
ii) Host dependent diversity 
Different plant species cause the build up of diverse populations of AMF in the 
soil. AMF are very non-specific in their ability to associate with plants. The biological 
richness (number of species in a given areas) is related to higher species diversity, higher 
degree of ecosystem uniqueness and lower level of disturbance. Economically beneficial 
plants in which high and diverse occurrence of AM have been noted include fruit plants, 
medicinal plants, aromatic plants, trees or plantations, and xerophytic plants. Most weedy 
plants are either non-mycotrophic (i.e.,annual grasses and weedy composites) or non-
hosts (e.g., plant species belonging to the families Amaranthaceae, Chenopodiaceae, 
Brassicaceae, Aizoaceae, Cyperaceae) (Mehrotra, 2007). 
Mycotrophic relationships may be restored in a previously disturbed ecosystem 
through natural or artificial means. Once the mycorrhizal status of a plant community is 
restored, study of the AMF species composition and abundance and factors affecting 
them would be useflil in imderstanding the adaptation of AMF species in diverse 
envirormiental and stress conditions. Thapar and Khan (1973) identified 11 spore types 
from the rhizosphere of more than 25 tree species from forest soils in India and suggested 
that the occurrence of AM fungal spores is influenced by the subtending tree species, in 
addition to the land usage, soil moisture and texture. 
In an another study, Talukdar and Germida (1993), collected the soil and root 
samples in Canada from 11 sites across four soil zones from fields cropped to spring 
wheat (Triticum aestivum) and lentil {Lens culinaris) , and recorded varied levels of 
colonization in these two crops from site to site, but the differences were more 
pronounced in wheat than lentil. The species composition of VAM community also 
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varied at different field sites, which included Acaulospora denticulata, Gigaspora 
decipens, G. clarum, G. etunicatum, G. fasciculatum, G. mosseae, and G. versiforme, 
whileas, number of AM spores ranged from 78-272 in 100 g soil in field soils. 
Bhardwaj et al (1997) recorded more intensive AM sporulation in the rhizosphere 
of non-legumes than of legumes, however, maximum number of spores (342 spores per 
50 g of soil) was observed in the rhizosphere of mustard, followed by chickpea, wheat, 
pearl millet and pigeonpea. In the study, predominant AM fungi in the soil were Glomus, 
Gigaspora, Sclerocystis and Acaulospora. Whileas, Vijayakumar (1998) identified 
approximately nine species of AM fungi in the rhizosphere soils of groundnut, sorghum 
and mulberry grown in three different soil types, and also recorded 75 to 95% root 
colonization. 
In an another study, Gorsi (2002) observed a great variation in percent AM 
infection and extent of hyphal infection in 76 plants surveyed for AM association in 
Azad Jammu and Kashmir, These plants exhibited more AM infection percentage at 
vegetative stage as compared to flowering and fruiting stage. On the other hand, 
herbaceous plants showed more infection in comparison with the shrubby and woody 
plants. The extent of root colonization by AM endophytes also varied with the soil type 
and plant species. 
Fisher and Jayachandran (2005), collected the roots of 27 plants species of 15 
families (one cycad, six palms, one Smilax, and 19 dicotyledons) having an endangered 
or threatened status and native to pine rock-land and tropical hardwood hammock 
communities of South Florida, and observed that Paris-type colonization occurred in two 
species in the families Annonaceae and Smilacaceae, whileas Arum type occurred in 22 
species in the families Anacardiaceae, Arecaceae (Palmae), Boraginaceae, Cactaceae 
(Questionable), Euphorbiaceae, Fabaceae, Lauraceae, Melastomataceae, Polygalaceae, 
Rubiaceae, Simaroubaceae, Ulmaceae, and Zamiaceae. Three species in the families 
Fabaceae, Lauraceae, and Simaroubaceae had a mix of Paris- and Arum-types 
colonization. 
Stukenbrock and Rosendahl (2005) studied the distribution of phylogenetic 
groups of AM fungi belonging to a clade of Glomus species in five plant species from 
coastal grassland in Denmark, and found that the dominant Glomus species were able to 
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colonize all plant species, supporting the view that the AM fungi represent a large 
underground interconnecting mycelial network. Tsuyuzaki et al. (2005) collected 16 tree 
species in all three zones, 6 differed in the frequencies of ECM on roots between 
elevational zones, and 3 of these 6 species increased in frequency with increasing 
elevation. They concluded that the symbiosis between seed plants and mycorrhizae 
greatly influences plant community structures and further not only a single mycorrhizal 
class but combinations of mycorrhizal classes should be studied to clarify effects on plant 
community dynamics. 
Sharif and Moawad (2006) recorded varied root infection levels in marginal soil, 
fertile well managed soil, in different crops and from one to another site. Vyas et al. 
(2006) also noted variation in AM association in all 13 screened varieties of wheat, but 
var.C-306 showed maximum colonization, grater number of AM propagules and 
maximum number of AM species, yet it was minimum in HI-1501. However, Glomus 
was more dominant followed by Acoulospora Sderocystis and Gigaspora in all thirteen 
wheat varieties. 
Khanam et al. (2006) studied the occurrence of AM fungi in cereal, pulse and 
oilseed crops grown during two successive years and noted maximum number of AM 
spores and root colonization during both the years in cereal crops i.e., maize, wheat and 
sorghum. In pulses, grass-pea, chickpea and cowpea had higher AM root colonization 
and spore population in comparison to lentil, garden-pea and bush-bean. Whileas in 
oilseed crops, higher root colonization and spore population was recorded in groundnut 
and soybean than other oilseed crops. On the other hand, the vegetable crops yielded 
lower colonization and spore numbers as compared to other crops during both years, but 
onion and garlic revealed much higher AM colonization and spore population. 
Rani and Manoharachary (2007) screened out thirty one medicinal or ornamental 
plants belonging to Apocynaceae and Asclepiadaceae for AMF association and found 
that rhizospheric soil of all plants yielded AM fungi representing Acaulospora, 
Archaeaospora, Entrophosphora, Gigaspora, Scutellospora and Sderocystis. Among 
these. Glomus with twenty eight species was the predominent genus. All these host 
plants surveyed for AM association in this study are new host records for AM fungi in 
India. Singh and Singh (2007) xsoldXtd Acaulospora-SKPl, Acaulospora-^K?2>, Glomus-
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SRPl, Glomus-SRPl, Gigaspora-SRPl, Gigaspora-SRPl, Scutellospora-SRPl, 
Scutellospora-SRPl, Scutellospora-SKPS from the rhizospheric soils of mungbean, 
maize, cowpea, sugarcane, soybean, pigeon pea and wild grass grown in Tarai soil. 
In order to find out the VAM colonization in plants, Khade and Rodrigues 
(2007) screened out twelve plant species having underground storage organs (tubers, 
rhizomes, corms and bulbs) and belonging to five families (Liliaceae, Dioscoreaceae, 
Amaryllidaceae, Zingiberaceae and Araceae. They observed AMF association in all 
plant species and noted the presence of hyphae, arbuscules and vesicles in all plants 
except Crinum vivipara var. viviparum, which lacked arbuscules indicating the active 
growth of AM fungi within the host roots. Besides the presence of extramatrical hyphae 
observed in four species i.e., Dioscoria deltoidea, Crinum vivipara, Curcumadeciepiens 
and Colocasia sp., the root length colonization by vesicles and arbuscules also varied 
from as low as 3.4% (Asparagus sp.) to as high as 34% {Crinum vivipara. The highest 
and the lowest total root colonization were recorded in Colocasia esculanta (63%) and 
Curcuma longa (19.4%). 
Katdare and Bagool (2007) calculated the percent root colonization and spore 
population of AM fungi in different localities of Mumbai and surrounding area and 
found that monocotyledonous plant showed greater colonization than dicotyledonous 
plant. Totally nine AM forms were observed, belonging to different genera viz, Glomus 
(6 species), Acaulospora (2 speacies) and Gigaspora (1 species). 
iii) Diversity in ecosystems: 
Several species of AMF are reported from a wide variety of ecological zones of 
cultivated and natural ecosystems ( Bagyaraj et ai, 2002/ The arid zone occupies about 
12 per cent of the India's geographical area. The region is characterized by scanty and 
erratic rainfall, with high temperature, excessive evapo-transpiration, and massive 
erosion. Occurrence and distribution of AMF in semi-arid regions of India have been 
studied by several workers (Neeraj and Varma, 1991; Vyas et al., 2006; Mehrotra, 
2007). 
AMF species have also been reported from the sand dunes of west coast of India 
(Beena et al. 2000) and Western Ghats of Goa (Khade and Rodrigues, 2006). In 
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general, relatively low AMF species richness has been observed in semi-arid and arid 
regions. Descriptions of AM (VAM) fungi were made in early 1970s from the 
rhizosphere of plant species in different ecological zones of India. 
The 1980s and 1990s witnessed a spurt in reports of AM species from different 
region of India (Mehrotra and Baijal,1992; Mehrotra,2007). Mohankumar et al. (1988) 
surveyed the plants growing along the Madras sea coast and reported AM fungi were 
Entrophospora schenckii. Glomus daroideum, G. clarum, G. intraradices, G. 
micarcarpum, G. monosporum, G. occultum, G pubiscens and G. pustulatum. 
In coal mine spoils, Chandra and Jamaluddin (1999) also noticed the 
development of AM fungi in all planted tree species with dominance of the genus 
Acaulospora followed by Glomus and Gigaspora spp. in coal mine spoils, whileas the 
population of Scutellospora and Sclerocystis was scanty in overburden spoils. Beena et 
al. (2000) observed that members of the family Glomaceae were dominant (61.3 per 
cent) on the coastal dunes of the west coast of India, followed by Acaulosporaceae and 
Gigasporaceae (19.35 per cent). A comparison of the Glomalean species revealed that 
the Glomus mosseae was the most dominant followed by Glomus dimorphicum, 
Gigaspora gigantean, Acaulospora taiwani and Glomus fasciculatum. 
Selvam and Mahadevan (2002) surveyed the fly ash pond and mined sites of 
Neyveli Lignite Corporation in Tamil Nadu and found 15 AMF species in ash pond, 4 
AMF species in overburden dumps and 13 AMF species in reclaimed overburden. In all 
the sites, Glomus mosseae was the dominant AM fungus. In an another study, Mehrotra 
and Prakash (2006) noted the occurrence of 9 AMF species, Acaulospora scrobiculata, 
Glomus geosporum, G; aggregatum, G. tortuosum, G. micraggregatum, G. rubiformis, 
G. intraradices; Scutellospora calospora, and Entrophospora colombiana, from a 
reclaimed surface mining overburden at the Jayant open cast coal mine site of Northern 
Coal fields Ltd., Singrauli, Uttar Pradesh. 
Singh and Singh (2001) collected root and soil samples from various chickpea-
growing areas in different districts of Punjab and observed prominence of Glomus spp. 
in all the samples and differences in AM association and spore count in chickpea, being 
maximum (72.5%) and minimum (55.0%) in Ludhiana and Hoshiarpur samples, 
respectively. Gorsi (2002) investigated seventy six plants for AM association in a survey 
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of Azad Jammu and Kasmir and he found universal occurrence of AM in all plants 
located at different habitats. 
However, Sjoberg et al. (2004) investigated the fungi within the phylum 
Glomeromycota in arable fields throughout Sweden and noted the occurrence of AM 
fungi at all 45 sampling sites. Of these, almost 90% belonged to the genus Glomus and 
other were Gigaspora and Scutellospora having densities between 3 and 44 spores/ g 
dry weight of soil. According to them, the upper half (0-15 cm) of the soil profiles had 
significantly more spores than the lower half (15-30 cm). Sharif and Moawad (2006), 
while studying the spores density and mycorrhizal colonization in twenty-five 
rhizosphere samples of some selected soils and plant roots from fertile and marginal 
soils of North West Frontier Province of Pakistan, observed highest number of 
mycorrhizal spores in potato, barley, rice and chickpea. 
In an another study, Gai et al. (2006) estimated that China has about 30,000 plant 
species (one eighth of the plant species worldwide) and the occurrence of 104 AMF 
species within nine genera, including 12 new species in all environments such as 
croplands, grasslands, forests, and numerous disturbed environments. They also pointed 
out that, Glomus spp. were distributed in a wide spectrum all over the China followed by 
Acaulospora, Gigaspora, Scutellospoara, Paraglomus and Entrophosphoara. Khanam et 
al. (2006), while assessing the association of AM fungi with agricultural crops (cereals, 
pulses, oilseeds, vegetables and spices) at four agro-ecological zones( AEZs) of 
Bangladesh during 1999-2000, recorded variation in the average AM spore population 
and root colonization in all crops among different AEZs during both years. 
Li et al. (2007), while investigating the spore density, species composition, and 
diversity of arbuscular mycorrhizal fungi (AMF) in a cultivated land (CL), an old field 
(OF), and a never-cultivated field (NCF) located adjacently in a slope in the hot and arid 
ecosystem of southwest China, recorded the highest spore density in NCF, slightly lower 
in OF and lowest in CL. The dominant species of AMF were, however, different in the 
three habitats. OF resembled NCF more than CL in AMF spore density, species 
richness, and community composition, suggesting that AMF community in the OF has 
been developing from cultivated land to natural habitat. Cluster analysis based on the 
similarity in AMF community composition indicated that the distribution of AMF was 
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not random over space and that AMF community composition associated with a given 
plant species was greatly habitat-convergence. Following the cluster analysis, they 
hypothesized that the effect of habitats on AMF communities was greater than that of 
host preference to AMF. 
Moreira et al (2007) identified 25 AMF taxa at different forest sites but species 
richness and diversity were greater in native forest areas, but Acaulospora was more 
common genus with most species. The differences in number of spores, diversity, and 
richness were also found at the different sites. Greenhouse experiment also revealed the 
differences in the diversity of AMF at each site, using traditional trap plants (Maize + 
Peanut). 
Tchabi et al. (2008) determined the AM fungal species composition in three 
ecological zones differing by an increasingly prolonged dry season from South to North, 
from the Southern Guinea Savanna (SG), to the Northern Guinea Savanna (NG), to the 
Sudan Savanna (SU). In each zone, four "natural" and four "cultivated" sites were 
selected. "Natural" sites were three natural forest savannas (at least 25-30 years old) and 
a long-term fallow (6-7 years old). "Cultivated" sites comprised a field with yam 
(Dioscorea spp.) established during the first year after forest clearance, a field under 
mixed cropping with maize (Zea mays) and peanut {Arachis hypogaea), a field under 
peanut, and a field under cotton {Gossypium hirsutum) which was the most intensively 
managed crop. AM root colonization and spore formation monitored over 10 and 24 
months, respectively. The results revealed a total of 60 AM fungal species, with only 
seven species sporulating in the trap cultures. Spore density and species richness were 
generally higher in the natural savannas and under yam than at the other cuhivated sites 
and lowest under the intensively managed cotton. In the fallows, species richness was 
intermediate, indicating that the high richness of the natural savannas was not restored. 
Surprisingly, higher species richness was observed in the SU than in the SG and NG, 
mainly due to a high proportion of species in the Gigasporaceae, Acaulosporaceae and 
Glomeraceae. They also concluded that the West African savannas contain a high natural 
AM fungal species richness, but this natural ricliness is significantly affected by the 
common agricultural land use practices and appears not to be quickly restored by fallow. 
30 
Wang et al (2008) studied the community composition of AMF in intensively 
managed soil of 50 agricultural sites in the Sichuan Province of southwest China and 
observed that in spite of intensive agricultural management that can include often 
repeated tillage, all agricultural sites had moderate to high numbers of infective AMF 
propagules as well as a high AMF species diversity. Thirty Glomeromycotan species in 
Glomus (20 species), Acaulospora (four species), Scutellospora (three species), 
Ambispora (one species), Archaeospora (one species) and Paraglomus (one species) 
were present abundantly. The soil color yellow, red and purple was heterogeneous which 
yielded similar numbers of AMF species, while AMF species diversity was clearly lower 
in paddy soil. In trap culture soils, the most frequent species were Glomus aggregatum or 
Glomus intraradices, Glomus claroideum and Glomus etunicatum. The species 
Acaulospora capsicula, Acaulospora delicata, G. aggregatum or intraradices G. 
claroideum, Glomus epigaeum, G. etunicatum. Glomus luteum. Glomus monosporum. 
Glomus mosseae and Glomus proliferum were successftilly cultured as single species pot 
cultures in Plantago lanceolata. While, the three most frequent species in field soils were 
G. mosseae. Glomus caledonium and Glomus constrictum. 
iv) Other records of AMF diversity : 
a. In Seasonal Change: 
Dormancy of propagules is well-documented survival strategy for many soil-
borne pathogens, but this phenomenon in AM colonization varies with change of season 
and seasonal effects also influence the establishment of AM fungi in plants under field 
conditions, depending on the efficiency of AM fungi (Giovennetti and Nicolson, 1983). 
According to Gosling et al (2006), seasonal shifts influence AM colonization but he also 
indicated that species-specific variation exists. 
Seasonal changes in mycorrhizal colonization could indicate that the benefit of 
mycorrhizal symbiosis for plants changes during the season. Studies of seasonal changes 
of AM fungal spore populations in agricultural soil have reported maximum spore 
abundance at the end of the growing season. Information on seasonal variation of spore 
count and root colonization is useful for timely inoculation of suitable species (Sharma et 
a/., 2005;Mishrae/a/;2008). 
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The AM contribution to crop growth and nutrient uptake in a particular plant 
fungus soil combination within certain climatic conditions varies with time, and the 
combination varies both with time and space in field. Shamim et al (1994) studied the 
influence of seasonal variation on VAM infection in 24 perennial land plants and found 
that VAM colonization was maximum in spring and gradually decreased in the following 
seasons, till it becomes least in winter. 
However, Bharadwaj et al. (1997) noted that in summer the AM population in soil 
was less as compared to the winter season. Contrary to this, an another study conducted 
to determine the seasonal incidence of AM fungi in root-zone soils and in roots of 10 
dominant plant species from 4 different coastal locations of Tamil Nadu, which revealed 
the presence of 15 species of AM fungi colonized all plant species, being maximum in 
Aeluropus lagopoides. The sporocarps of Glomus aggregatum and Sclerocystis 
pakistanica were more dominant and spore density was relatively high during the 
summer season at all sites 
In an another study, Anwar and Jalaluddin (1998 ) observed significant variation 
in the viability of AM spores in the soil of 8 districts of Sindh, Pakistan The viability 
was highest (98%) in March-April at Nawabshah district when wheat crop was grown in 
the soil, while it was lowest (53%) during September-October at Jaccobabad when crop 
was not present. Fontenla et al (1998), while investigating the root associations in two 
Austrocedrus forests and the seasonal dynamics of AM of Austrocedrus chilensis, found 
that most of the vascular flora in both forests had arbuscular mycorrhizae (80.5 and 
70.5% of species, respectively). The dynamics of mycorrhiza formation and spore 
number did not differ between these forests but varied with the season. Root colonization 
was lowest in September at the end of the quarter with high rain, and spore numbers were 
highest in September and in December at the beginning of the dry season. 
Sharma et al (2005) conducted a field experiment to determine the seasonal 
variation of AM fungi associated with Tectona grandis and Dendroclamus strictus. In T. 
grandis AM colonization was less in winter, remained moderate in summer and increased 
in the rainy season. Similarly, the AM spores were found in rainy season, moderate 
numbers in winter and the least in summer. In D. strictus AM root colonization 
decresased in winter and summer and reached maximum in rainy season. AM spores 
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increased in rainy season than steadily decreased in winter and summer. Glomus spp. was 
found to be dominanting among all the AM fungi recovered at the site. 
Dwivedi (2008) studied distribution of seasonal variation in VAM ftingi at four 
sites of Sagar region (M.P) and found that maximum VAM colonization was observed in 
wheat (C-306) during winter season at all four sites. Whereas, Mishra et al. (2008), 
investigated the distribution of AM fungi in Vindhyan soils and found that all three 
seasons influenced occurrence of AM fungi in soils. 
b. At soil depths: 
The depth of sampling is also one of the important factors, which may influence 
the assessment of species composition and richness. An et al. (1990) suggested that it is 
necessary to take soil sample from more than 50cm surface because some species have 
been shown to be more abundant deeper in the soil profile. However, Prasad (2004) 
studied the occurrence of AMF at four soil depths viz., 8 ,15, 23 and 30 cm. in non 
cultivated, disturbed and non fertile soil of Bihar and found that the largest number of 
spores of Glomus fasciculatum, G. aggregatum, G. mosseae, G.constrictum, G. 
intraradices, Acaulospora tuberculata, A. laevis, Gigaspora sp. and Sclerocystis sp. 
were present at a depth of 15cm followed by 8, 23 and 30 cm. 
Sjoberg et al. (2004) investigated the fungi within the phylum Glomeromycota in 
arable fields throughout Sweden and noted the occurrence of AM fungi at all 45 sampling 
sites. Of these, almost 90% belonged to the genus Glomus and other were Gigaspora and 
Scutellospora having densities between 3 and 44 spores/ g dry weight of soil. According 
to them, the upper half (0_/15 cm) of the soil profiles had significantly more spores than 
the lower half (15_/30 cm). Zangaro et al. (2008) collected the soil cores randomly at the 
0-10- and 10-20-cm depths in three quadrants (50 m2) for fine root morphological traits 
and distribution of arbuscular mycorrhizal fungi. 
c. Age of host; 
Paredes and Leano (1993) found that more vesicles were detected in root samples 
at seedling stages than in mature stages of fniiX trees, which randomly selected and 
assessed for the presence of AM fungi from selected areas in Philippines. Whileas, 
Chandra and Jamaluddin (1999) also conluded that the development of AMF in roots is 
related with the age of the plants and overburden dumps and they noted the maximum 
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root colonization in Acacia nilotica, followed by D. sissoo in five year old plants. While, 
second and third years old plants exhibited comparatively lower AM infection. 
Zangaro et al. (2008) stated that plants from the different succession stages 
displayed high differences in fine root distribution, fine root traits, and mycorrhizal root 
colonization, however, the total fine root length, specific root length, root hair length, and 
root hair incidence decreased with the succession advance. Similarly, the mycorrhizal 
root colonization and the density of AM fungi spores in the soil decreased along the 
succession. Mycorrhizal root colonization and spore density were positively correlated 
with fine root length, specific root length, root hair length, root hair incidence, and bulk 
density and negatively correlated with fine root diameter and concentration of some 
nutrients both in soil and root tissues. Nutrient concentration in root tissue and in soil was 
positively correlated with fine root diameter and negatively correlated with specific root 
length, root hair length, and root hair incidence. These results suggest different adaptation 
strategies of plant roots for soil exploration and mineral acquisition among the different 
success ional stages. Early success ional stages displayed plants with fine root 
morphology and AM fungi colonization to improve the root functional efficiencies for 
uptake of nutrients and faster soil resource exploration. Late successional stages 
displayed plants with fine root morphology and mycorrhizal symbiosis for both a lower 
rate of soil proliferation and soil exploration capacity to acquire nutrients. 
The data obtained from the Physiochemical properties of four soils in different 
season suggest that the same soil has different values in different seasons. They opined 
that AM fungi are sensitive to environmental conditions specially soil pH, temperature 
and nutrient level. 
Factor influencing AMF Diversity 
Diversity is manifested in various interactions between the organism and its 
environment in local communities or following dispersal to new site (Morton et al, 
1995). The spore population dynamics is regulated by various biotic and abiotic factors, 
which include host species cropping patterns, crop rotation, crop management practices, 
use of fertilizers and pestisides, pH, temperature, nutrients limitation, stress etc. 
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Biotic factors: 
i) Host: Mosse (1956) first demonstrated the wide host range of AMF by producing 
mycorrhiza in Apple, Wheat, Grasses, Tomato, and Lettuce from surface sterilized 
sporocarp associated with mycorrhizal strawberry roots. Any plant containing a fungus 
can be designated as a host, regardless of whether the association is beneficial or not 
(Brundrett, 2004). 
Among the agronomically important plant families, the Leguminaceae and 
Gramineae have been found to good host for AM fungi under normal growth condition. 
Kaushal (2004) found five species of Glomus viz., G. mosseae, G. fasciculatem, G. 
macrocarpum G. aggregatum and G. constrictum and two species of Scutellospora viz., 
S. calospora, S. pelllucida, in rhizosphere of Acacia nilotica. The rhizosphere of 
Bamboos viz., Bambusa bambos, B.ventricosa, B. vulgaris, Phyllostachys pubescence, 
Thyrostachys oliveri and T. siamensis in Kerala revealed the occurrence of Glomus 
fasciculatum, G. australe, G. mosseae and G. geosporum as most frequently occurring 
AMF species (Mohanan and Sebastian, 2006). 
ii) Soil organism: Phosphate solubelizing microorganism (PSM) which includes species 
of Pseudomonas, Bacillus, Flavobacterium, Arthrobacter, Penicillium and Aspergillus 
has been found associated with AMF. These microorganisms can produced compounds 
that increase root cell permeability, thereby increasing the rate of root exudation and 
stimulate the growth of AMF hyphae in the root and rhizosphere (Jeffries et al., 2003). 
Fracchia et al. (2004) observed that Aspergillus niger and its exudates 
stimulated the germination and hyphal out growth of Glomus mosseae and Gigaspora 
rosea spores .However, Trichoderma harzianum and Penicillium restrictum and its 
exudates had no effect on spore germination or hyphal out growth of G. mosseae. 
Abiotic factors: 
i) Season 
Change in spore population and percent infection occurs commonly during the 
various growing seasons. Gemma et al. (1989) suggested that a combination of abiotic 
factors such as temperature and light and biotic factors such as amount of 
35 
photosynthatases products, quality and quantity of root exudates and fluctuation of root 
hormone level occurring during flowering and growth cessation are the primary non 
genetic determinates of AMF sporulation. Pringle and Bever (2002) observed that 
Acaulospora colossica sporulated more frequently in the warm season, but Gigaspora 
gigantea sporulated more frequently in cool season. Kumar (2002) studied the spore 
population of AMF in soil from forest area of Alagar hills, Madurai, Tamilnadu for a year 
and found that the highest AMF spore population occurring during winter season (Dec-
Jan) where as lowest was observed during rainy season (Aug-sep) while Khade and 
Rodrigues (2004) studied the seasonal variation of AMF in the rhizosphere of banana in 
Goa and found that the species richness and spore density was maximum during pre 
mansoon and minimum during post mansooon season. Seasonal pattern in the formation 
of arbuscular mycorrhizae have been found to very considerably (Lakshaman et al, 
2006). 
ii) Soil pH: 
Bhardwaj et al (1997) Soil pH, total soil P, available P, type of soil, soil moisture 
and cropping season all influenced the VA mycorrhizal population in the natural 
ecosystem. Numbers of VAM spores highly correlated with the presence of total soil 
Phosphate and soil pH indirectly affected the VAM population through the total soil 
phosphate. The spore population was abundant in sandy soils as compared to loamy 
sands. Drier soils had higher number of VAM spores.Occurrence of certain AMF species 
have been linked with soil factor. Glomus mosseae was dominant in fine textured, fertile 
and high pH soil whileas, Acaulospora laevis is more in course texture soil. However, 
Gigaspora species prefer sand dune soil (Kendrick and Berch 1985). 
Mohan et al. (1988) surveyed the Madras coast (pH 7.8-8.1) between Ennore and 
Enjambakam for AM spore and found Entrophospora schenckii, Glomus microcarpum, 
G. monosporum, G. claroideum, G. clarum , G. intraradaces , G. occultum, G. pubescens 
and G. postulatum associated with 35 plant species. Mehrotra (1998) reported G. 
intraradaces was most widely available species, at pH of about 6 to 9 and G. etunicatum 
at its best in the acidic range. Another widely available fungus Entrophospora 
colambiana has been reported mostly from acidic soil. However, Selvaraj et al. (2001) 
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observed that some Glomus species were very common in neutral or alkaline soil but not 
in acidic soil while Acaulospora and Scutellospora species were found only in acidic soil. 
iii) Crop management: Crop management practices such as crop rotation, fertilizers, 
pesticides and organic manure affect the development and composition of AMF. Change 
in soil condition and cropping pattern may modify the dominance of AMF species. 
a. Crop rotation 
Hamikumar and Bagyaraj (1988) observed that crop rotation with non 
amyotrophic plants, such as members of Crucifereae decrease the inoculiuns of AMF. 
Singh et al (2003) found that Jhum (Shifting cultivation) fallow land contained lower 
AM fungal population and less number of AMF species than the natural forest land. 
b. Fertilizers and Pesticides 
Application of fertilizers and pesticides has been found to have stimulatory, 
depressive or non significant effect on the development of arbuscular mycorrhiza. Douds 
and Schnck (1990) found that a phosphate tolerant isolate of Glomus intraradaces 
sporulated heavily when the N: P ratio of the host tissue imbalanced toward Phosphate .In 
contrast when N: P ratio of the host tissue were imbalanced towards nitrogen, Gigaspora 
margarita and Acaulospora longula sporulated heavily. Praveen Kumar and Bagyaraj 
(1999) reported that the pesticides Rilon and Sumsidine increase the infection and 
sporulation of Glomus mosseae at the half recommended dose. 
c. Organic manures 
The studies regarding the influence of organic manures on mycorrhizal fungi were 
carried out by Tilak et al. (2004) who found that the mycorrhizal spore count and 
colonization of Barley was more pronounced in soil amendment with paddy straw 
compost than those amended with city compost. Whereas, Jamuluddin et al. (2001) 
noticed the Glomus destricola, G. leptotichum, G. intraradaces, G. mosseae, G. 
aggregatum and G. invermaium as the dominant species at the reclaimed sludge garden in 
Balarpur, Maharashtra. Organic manures increase the biological activity in the soil and 
therefore, directly or indirectly influence the AMF activity. Panja and Chaudhary (2006) 
in his study reported that oilcake significantly suppressed the spore production in root 
association, in spite of very significant positive effect on total and mycorrhizal root bio-
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mass yield, but rice husk, which stimulated the root formation the least, showed highest 
stimulation of spore production, both per unit soil volume and mycorrhizal root biomass. 
d. Soil disturbance 
Soil disturbance disrupt the hyphal network resulting in delaying in AMF 
infectively on plant root and reduction in spore production. Tillage operation changes the 
physical, chemical and biological properties of soil. Kruckelmann (1975) reported that 
strong disturbance due to rotary hoeing significantly reduced spore density. Hart and 
Reader (2004) have noted that Gigasporaneae isolates by soil disturbance in term of root 
colonization, soil colonization and spore densities. 
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MATERIALS AND METHODS 
In order to note the variation in occurrence and association of AM fungi in diverse 
group of crops, season and location, the present study was carried out during kharifand 
rabi season 2008-09 at experimental fields and in the laboratories of Department of 
Biological Sciences, G.B.P.U.A.&T., Pantnagar and Department of Plant Protection, 
Faculty of Agricultural Sciences, A.M.U., Aligarh. The details of materials and methods 
used during the present study are described in this chapter. 
1. Selection of study sites: 
The study was conducted during kharifand rabi seasons, 2008-09 at two different 
sites situated in two Agro-ecological Zones (AEZs) of Uttar Pradesh and Uttarakhand. 
The selected sites were (i) During kharif season 2008-09, Crop Research Centre and 
Vegetable Research Centre, G. B. Pant University of Agriculture and Technology, 
Pantnagar, and (ii) During rabi season 2008-09, Experimental fields of Department of 
Plant Protection, A.M.U., Aligarh. 
2. Location and weather of study sites: 
(1) Pantnagar; 
Pantnagar is situated at 29°N latitude and 79° 3'E longitude at an altitude of 243 
MSL in Tarai area of Shivalik range of Kumaon Himalayas with variable temperature 
ranging from 3.7°C (January) to 39.4°C (June). The annual rain fall is 948.6nim with 20 
to 93% humidity and wind speed about 1.9 to 18.7 km/hr. 
(ii) Aligarh: 
Aligarh is located in western parts of Uttar Pradesh, about 126 km away from 
national capital Delhi, and situated at 27°, 29° to 28° lO'N latitude and 77° 29° to 78° 
38'E longitude. The greatest width from west to east is about 166 km and maximum 
length from north to south is about 72 km. The climate in Aligarh is subtropical, having 
three well defined seasons (winter, summer, and monsoon). Winter season starts from 
November and continue up to first fortnight of April, whereas summer set in May. The 
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months of May and June are the hottest with maximum day temperature, sometimes 
touching to 48°C. On the other hand, the second half of December and January is usually 
the coldest period. Whileas, monsoon normally starts in the first week of July and 
continues with appreciable amount up to first week of September. Annual average rain 
fall of Aligarh district is 315mm, of which 75-80% in received from second half of July 
to first week of September. 
3. Crops: 
In order to determine the diversity in occurrence and association of AM fungi and 
its morphotypes, the samples (root and root zone soil) were collected from various host 
crops planted during kharif and rabi seasons 2008-09 at two different agro-ecological 
zones (AEZs) i.e., Pantnagar and Aligarh. 
a. Kharif crops 
Five crops of diverse group sown in kharif season viz., cereal (Maize), spice 
(Turmeric) and vegetables (Brinjal, Chilli and Okra) were selected for the collection of 
samples. These crops were growing in kharif stason 2008-09 at Crop Research Centre 
and Vegetable Research Centre, G. B. Pant University of Agriculture and Technology, 
Pantnagar. 
b. Rabi crops 
Three pulse crops namely, chickpea, lentil and field pea were selected and their 
different accessions were procured and sown during rabi season 2008-09 at Experimental 
field of the Department of Plant Protection, Faculty of Agricultural Sciences, A.M.U., 
Aligarh. 
(i). Chickpea 
Twenty chickpea accessions, procured from AICRP Chickpea, Indian Institute of 
Pulses Research (I.I.P.R.), Kanpur, were sown in this experiment. The experimental field 
was prepared using recommended agronomical practices for chickpea cultivation 
thereafter, the area for this experiment was measured and divided into micro plots of 3^9 
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m size, having 20 row's for each, with 45 and 12 cm distance for row to row and plant to 
plant, respectively. The experiment was designed in completely randomized block design 
comprising 20 treatments (accessions) with 3 replications. At the time of sample 
collection (root and root zone soil), five plants were selected and dug out from each 
replication. This sampling method was also followed in lentil and field pea. After layout 
of the experiment, the sowing was done using following chickpea accessions. 
l.IPC-05-41 6. IPC-05-68 ll.IPC-05-37 16. IPC-05-79 
2. IPC-05-16 7. IPC-05-74 12. IPC-05-59 17. IPC-05-34 
3. SAKI-9516 8. IPC-05-64 13. IPC-05-76 18. IPC-05-61 
4.IPC-05-30 9. IPC-04-54 14. IPC-05-17 19. DCP-92-3 
5.IPC-05-36 10. lPC-04-73 15. IPC-04-83 20. IPC-05-65 
(ii). Lentil 
Fifteen lentil accessions procured, from AICRP, Mullarp, IIPR, Kanpur, were 
used for sowing in this experiment. The field was prepared by using recommended 
agronomical practices for lentil cultivation. The experimental area was measured and 
divided into micro plots of 3x7m size having 15 rows each, with row to row distance of 
40 cm and plant to plant of 10 cm. The experiment was designed in completely 
randomized block design using 15 treatments and 3 replications. The lentil accessions/ 
cultivars used for planting are: 
l.LL-1024 6. LL-1122 ll.PL-083 
2. VL-133 7. VL-518 12. L-4584 
3. LL-1229 8. VL-4 13.RLG-109 
4. IPL-314 9. KLB-97-6 14.VL-136 
5.VL-517 10. L-4694 15.VL-137 
(iii). Field pea 
The following ten accessions of field pea, also procured from AICRP, Mullarp 
IIPR, Kanpur, were sown in this experiment. Recommended package and practices of 
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cultivation were followed to raise the crop. The experiment was layout in CRD using 10 
treatments with 3 replications. 
l.HFP-415 6. DMR-61 
2.NDP-8-412 7. RFP-42 
3. HFP-530 8. HFP-621 
4. IPF-7-20 9. HFP-529 
5.NDP-8-413 lO.HFP-531 
4. Isolation of AMF spores from soil: 
The samples were collected from each host crop grown during kharif and rabi 
seasons 2008-09 at both study sites (AEZs) i.e., Pantnagar and Aligarh. Wet sieving and 
decanting technique, a common protocol was used for the isolation of AMF spores from 
the soil (Gerdemann and Nicolson 1963). In this method 10-50 g of freshly collected soil 
sample was put into 1 -2 liters of plastic beakers, depending on the soil sample size. Soil 
was suspended with about 500 ml to 1 liter of tap water. Soil macro-aggregates were 
crushed with hand. After 10-30 sec. of settling down of soil particles, the upper layer of 
soil suspension was passed through 250 |am, 125 |am and 60 |im sieves. Usually AM 
fungal spores were collected on 100 ^m, but to collect the large spores such as Gigaspora 
margarita, 250 |im sieves was efficient. The procedure was repeated until the upper layer 
of soil suspension appeared transparent. The sieving on the fine mesh was collected into a 
small beaker and dispersed with ultra-sonication. Weak sonication (i.e. 30W 30 sec) was 
found enough, but strong sonication process destroyed the fungal spores. The sieving 
containing isolated AM spores in the extract were transferred from beaker to Petridishes 
and then observed under stereomicroscope for spore identification. The number of spores 
of a particular AM Fungi, either up to genus or species level, was counted and spore 
number from three replicate was averaged and its number in quantity of to as soil sample 
was expressed in the results. 
5. Estimation of AMF spore population at varying soil depth 
In order to estimate the spore population of AM ftingi at different soil depth, the 
varying levels of soil depth i.e., 8, 15, 25 and 30 cm were selected and the soil samples 
were collected from a fallow field during kharif season 2008-09. For each level of soil 
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depth three replications were maintained, collecting the soil samples randomly from five 
different comers of the field. The spore population from each level of soil depth was 
recovered using wet sieving and Decanting method (Gerdemann and Nicolson, 1963). 
6. Identification of AMF morphotypes; 
Morphology of spore is a basis for identification of AM ftmgi, because the hyphae 
and the organs such as arbuscules and vesicles are not specific to species. Spores 
collected from soil often deteriorate so that they may be used only for tentative 
identification at genus level. Several diagnostic slides with spores and sporocarps were 
prepared, at least 30-50 spores from the same morphological type were mounted on slides 
in Polyvinyl lactoglycerol (PVLG ) ( Koske and Tessier, 1983) or in a mixture (1,1 v/v) 
of PVLG with Melzer' reagent ( Brundrett, et al, 1994 ). Both broken and unbroken 
spores were examined and all such slides were observed under reflected light in Stereo 
zoom microscope and photographed with Nikon SLR camera. 
The spores of AMF species were distinguished on the basis of salient diagnostic 
features or morphotaxonomic criteria, as recorded in the following table and described in 
identification manuals, up to sub-cellular structures such as spore size, shape, colour, 
spore wall characteristics, hyphae, subtending hypha, attachments, sporocarp, and 
reactions to meltzer's reagent etc. These diagnostic characteristics of AMF species were 
served as criterion to distinguish the AMF morphotypes which further confirmed with the 
diagnostic features, as described for AMF spore(s) in INVAM 
(http://www.invam.cafwvu.edu.), identification manuals and in conventional taxonomic 
keys given by Schenck and Perez (1990), Morton and Benny (1990), Morton and 
Redecker(2001). 
These morphological characteristics, however, helped in the identification and 
confirmation of genus and species of the target fungus. However, some genera such as 
Archaeospora needs not only these morphological characteristics but also sequence data. 
Frequency of occurrence (%) for each AMF species was calculated as a fracfion of 
number of soil samples possessing spores of the species. 
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Distinct morphological or phenotypic characters of AMF spores 
Shape 
Size 
Colour 
Hyphal attachment 
Auxiliary cell 
Sporocarp 
Germination shield 
Surface ornamentation 
Vesicles 
Globular, spherical, irregular etc. 
Globular: diameter (minimum-average-maximum) 
irregular shape length x width (minimum-average-maximum) 
Compare with standard color chart 
( Sporiferrous saccule , bulbous suspensor etc.) 
Sporiferrous saccule =Acaulospora, Entrophospora, 
Archaeospora 
bulbous suspensor= Gigaspora, Scutellospora 
Presence =^  Gigaspora, Scutellospora, none 
Presence, none 
Presence = Scutellospora, absence 
Smooth, rough, reticulate etc 
Presence or absence in mycorrhizal roots 
7. Population dynamics of AMF species; 
The association of AMF species with respect to their frequency and density with 
each accession of chickpea, lentil, and field pea was calculated by using following 
formula (Ambasth, 1988; Vyas, 2006). 
Freauencv -No of cultivars in which AM species occurs ^ JQQ 
Total no. of crop cultivars 
Density = No of cultivars in which AM species occurs 
Total no. of crop cultivars 
8. Assessment of AMF colonization in roots; 
i. Collection of samples 
The samples (root zone soil and roots) were collected from each host crop grown 
at both study sites (AEZs) during kharifdxvd rabi seasons 2008-09. Five plants from each 
replicate were sampled. Plant roots were dug out and washed thoroughly with water to 
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remove the adhering soil particles and then cut into approximately 1cm long pieces. The 
root samples were preserved in screw cap test tubes with ethanol (50%) for future use. 
The soil samples were collected from a depth of 0-30 cm along with roots followed by 
their air drying and packed in air tight polyethylene bags which were stored at 4°C for 
spore population. 
ii. Observation of root colonization 
Arbuscular mycorrhizal fungal structure in roots is usually not observed without 
appropriate staining. The root infection was measured by Philips and Hayman (1970) 
method. According to this method freshly collected root samples were washed gently and 
to remove the soil particles. The root segments (for out investigation we selected 50 root 
segments of .05 cm in size) were treated by placing them in a beaker containing 5 ml 10 
% KOH solution (clearing) for 30 min. to 1-2 hrs in a hot bath at 90c. This timing 
depends on the thickness of root. Thereafter, such treated roots are washed with water 
and treated with 2% HCL solution. Acidified root samples were stained with 5% Trypan 
blue (or acid ftischin) in lactic acid for 10-15 min. in a hot bath or few hours without 
heating. Then roots were de-stained with 70% glycerol. After de-staining, the segments 
of stained root were placed with overlapping on a slide and mycorrhizal infection 
(mycelium, arbuscular and vesicles) was observed under compound microscope even in 
each segment in order to estimate the infection level. The root colonization was 
calculated by the following formula. 
No. of AM infected roots .^ ,^„„ Root infection = r; „. , , ' T" . X100 No. of total roots observed 
9. Statistical analysis: 
The data collected on spore population and root colonization of AM fungi from 
each host crop were not normally distributed therefore, subjected to analysis of variance 
(ANOVA) to investigate their variation within the host crops and at different study sites 
during both the seasons. Data was statistically analyzed using MINITAB package. 
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RESULTS AND DISCUSSION 
A. Isolation and identification of AMF spores from soil; 
The spores of arbuscular mycorrhizal fungi (AMF) were isolated from the 
soil samples (root and root zone soil) collected from kharif crops viz., maize, 
turmeric, brinjal, chilli and okra sown at Pantnagar, and from rabi crops viz., 
chickpea, lentil and field pea planted at Aligarh. 
These soil samples predominantly yielded the spores of Glomus sp., 
followed by Acaulospora sp., Gigaspora sp. A total of 8 AMF species belonging 
to Glomus (5) Acaulospora (2) Gigaspora were extracted and identified up to 
species level (Plate 1-2). The spores were identified under stereomicroscope for 
their diagnostic features, but confirmation was done on the basis of morpho-
taxonomic criteria, as described in conventional taxonomic keys, identification 
manuals, and in INVAM http://www.invam.caf.wvu.edu; Schenck and Perez, 
1990; Morton and Benny, 1990; Morton and Redecker, 2001). 
Morphology of spore is a basis for identification of AM fungi, because the 
hyphae and the organs such as arbuscules and vesicles are not specific to species, 
but other morphological or diagnostic characteristics, as observed in this study 
and matched with the manuals, have helped in identifying up to species level and 
distinguishing them in AMF morphotypes (Plate 1 - 2). Several other workers have 
also reported the predominance of the genus Glomus, followed by other AMF 
species irrespective of host crop, season and ecosystem (Gorsi, 2002; Quilambo, 
2003; Strack, 2003; Brundrett, 2004; Gai et al, 2006; Khanam et al, 2006; Khade 
and Rodrigues, 2007; Mehrotra, 2007; Rani and Manoharachary, 2007; Mishra et 
al, 2008; Dwivedi, 2008). 
Distribution and diversity of AM fungi in different plant species of a 
particular agro-ecological zone are important in order to evaluate the natural 
status of AM fungi in that region (Brundrett, 2004; Khanam et al., 2006; Gai et 
al, 2006). It is well documented that in a natural ecosystem mixed population of 
AMF coexists, with certain fungi becoming dominant in particular patches and 
subsequently being replaced as environmental and cultural conditions change 
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(Gosling et ai, 2006; Selvaraj and Chellappan, 2006; Mehrotra, 2007). On the 
other hand, different plant species also cause the build up of diverse population of 
AMF in soil and its colonization is known to be influenced by seasonal variations 
(Shamim et al., 1994; Gorsi, 2002; Becerra et ai, 2007; Mishra et al, 2008; 
Dwivedi, 2008). Moreover, the spore population dynamics of AM fungi is 
reported to be regulated by various biotic and abiotic factors, which includes host 
crops, cultivars, crop management practices, use of fertilizers and pesticides, 
edapho-environmental conditions, AMF strain and propagules etc. (Abbott and 
Robson, 1991; Gosling et al, 2006; Mehrotra, 2007). 
The salient morphological features of isolated AMF morphotypes, as 
observed understudy, are described here in the following paragraphs: 
1. Glomus sp. 
The soil samples, collected for isolation of AMF spores from kharif and 
rabi crops, more frequently yielded the spores of Glomus sp. The identified 
species of Glomus were: G. intraradices, G. mosseae, G. pachycaulis, G. 
coronatum and G. macrocarpum (Plate 1, 2).The diagnostic characteristics of 
Glomus sp. included formation of chlamydospores usually one at the tip, except in 
G. fuegianum where spores emerge from a swollen hyphai tips. On maturity, the 
spore content was separated from the attached hyphae by a septum or by 
occlusion with deposits of wall materials. Two or more hyphae were attached to 
the same species (Plate 1-Al). The spores possessed a basal protrusion and borne 
singly in soil, but some of the same species performed them in cortex of roots or 
in sporocarps. Sporocarps were mostly non-organized conglomerations of spores 
(Plate 1- A1-C2). The salient features of isolated and identified Glomus sp. are 
described hereunder separately (Plate 1, 2). 
i.G. intraradices 
Spores: Color highly variable, usually white or pale cream to yellow brown, 
sometimes with a green tint, shape varied from globose to sub-globose or 
irregular, many spores were elliptical; wall structure: spore wall consisted three 
layers (LI, L2 and L3), only first layer was present in juvenile spores, L2 and L3 
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formed sequentially; I J : outermost layer, hyaline, mucilagenous, stained pinkish 
red to pale purple in Melzer's reagent L2: outer layer hyaline, mature spores 
often lacking both LI and L2 or together present as rough patches; L3i showed 
pale yellow-brown sub-layers (or laminae), either remained adherent or separated 
(Plate 1-A1,A2); subtending hypha: cylindrical to slightly flared in shape and 
occasionally slightly constricted, hyphae attached to spores, often reacted lightly 
in Melzer's reagent (Platel-A1,A2). 
ii. G. pachycaulis 
Spores: yellow, brown or golden yellow in color at young stage, brown at 
maturity, shape varied from globose to sub-globose; chlamydospores yellow to 
golden yellow at young but became brown at maturity, globose to ovoid, or 
ellipsoid in shape, sometimes irregular or radially arranged on terminal central 
plexus of hypha, sporocarpic; wall structure: outer spore wall of chlamydospore 
was hyaline, inner wall yellow to brown, laminated, thick at the spore base, at 
times individual spores partially enclosed in a thin network of tightly oppressed 
hypha (Plate 2-Al); substending hypha: chlamydospores subtended with short 
hypha and a narrow lumen connected the spore inside with the hypha, substending 
hyphal walls became thicker than spore wall (Plate 2-Al). 
iii. G. coronatum 
Spores: pale orange-brown to dark orange-brown in color, shape varied globular 
to sub-globular or irregular; wall structure: contained two layers (LI and L2), 
outer one was often absent in mature spores; Ll^ outer layer hyaline, surface 
stained pinkish-red in Melzer's reagent, thickened when intacted on juvenile 
spores; lJh_ a laminated layer, light orange-brown in color, thickened with smooth 
surface; subtending hypha: ftmnel-shaped (Plate 2- A2). 
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iv. G. mosseae 
Spore: Straw to dark orange-brown, but majority were yellow-brown, shape 
varied from globose to sub-globose, some irregular; wall structure: spore wall 
had three layers (LI, L2 and L3), formed consecutively to differentiate spore wall; 
LI: hyaline, mucilagenous, stained pinkish-red in Melzer's reagent; L22 hyaline, 
thick, very refractile, generally rigid and fractured into sliver-like fragments, 
small irregularly-shaped, no reaction in Melzer's reagent, layer appeared quite 
variable in appearance among spores; L3^ layer consisted of yellow brown to pale 
orange-brown sub-layers (or laminae), thick with minute depressions; subtending 
hypha: shape varied from flared to funnel-shaped, wall consisted only two layers 
(Plate 1-B1,B2). 
\.G. macrocarpum 
Spores: Occurred rarely single in soil, appeared usually in sporocarps, contained 
2-15 randomly distributed spores of yellow in color; shape varied from globose 
to sub-globose, rarely ovoid or pear-shaped; wall structure: spore wall 
composed of one wall with two layers; LI: semi-flexible, hyaline, thickened; L2: 
yellow, smooth, laminated, thick, layers 1 and 2 did not react in Melzer's reagent; 
subtending hypha: mostly one and sometimes two, yellow in color, straight or 
curved, cylindrical to flared in shape, rarely constricted, wide, thick walled at the 
spore base (Plate 1-C1,C2). 
2. Acaulospora sp. 
During isolation, two Acaulospora sp. namely, A. spinosa and A. 
scrobiculata were also extracted from the soil samples (Plate 2- B1,B2). The 
morphological features of genus Acaulospora included the appearance of 
azygospores, budded latterly from the funnel shaped stalk of a large inflated 
hyphal terminus. On spore maturity, the funnel stalked cell collapsed and its 
anonphour remnants dinged to the spore, but often detached to leave the spore 
with a sign of its origin, except for a small pore with an inconspicuous rim. 
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Important characteristics for identification of A. spinosa and A. scrobiculata are 
given below (Plate 2- Bl, B2). 
\.A. spinosa 
Spores: Cream to pale or orange-brown in color, mostly showed light yellow-
brown color; shape varied from globose to sub-globose; wail structure; spore 
wall composed of two layers (LI and L2), the outer continuous with the wall of 
neck of the parent soporiferous saccule, latter being synthesized with origin of the 
spore (Plate 2); LI: hyaline and thick; L2: below layer, fully formed, thickened 
initially by formation of pale yellow sub-layers or laminae followed by synthesis 
of closely packed rounded spines; L3: single and hyaline layer; L3: tended to be 
detected more often in moimtants containing Melzer's reagent due to a greater 
degree of separation from the spore wall (Plate 2- B2). 
ii. A. scrobiculata 
Spores: Mostly sub-hyaline to pale yellow in color, but some darker of straw-
colored, shape varied from globose to sub-globose, but occasionally irregular, size 
also varied; wall structure: spore wall consisted of three layers (LI, L2, and L3), 
the outer continuous with the wall of the neck of the parent soporiferous saccule; 
LI: hyaline, thick and spore wall differentiated; L2: initially thick layer by 
formation of pale yellow to tan sub-layers (or laminae); L3: layer designated as a 
discrete component of spore wall, it sometimes separated slightly from the spore 
(Plate 2-Bl). 
3. Gieaspora sp.: 
The soil samples from kharif and rabi crops collected from Pantnagar and 
Aligarh, respectively also yielded the spores of Gigaspora, but it could not 
identify upto species level (Plate 2-C). However, the diagnostic features of 
Gigaspora noted were, presence of azygospores and bulbous suspensor like tip of 
hypha. As the spores expanded and approached to maturation, one to several septa 
formed below the suspensor like bulb, which usually remained attached to the 
spores and produced one to several narrow out growing hyphae. The upper most 
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of these grew to the lower surface, where it apparently terminated without fussing 
with the spores (Plate 2-C). 
B. Estimation of AMF spore population at varying soil depth; 
The spore population of AM fungi was estimated at varying soil depth (8, 
15, 25 and 30 cm) in a fallow field during kharif season and the observations, 
thus, recorded are presented in Table 3, Fig. 2. 
It is evident from the results that AMF spore population varied significantly 
at various soil depth levels, however maximum spores (32 spores gm '' soil) were 
extracted from soil depth of 15 cm, followed by 8 cm depth (26 spores). Whereas, 
minimum population (18 spores gm'' soil) was recorded from extreme deep soil 
level i.e. 30 cm (Table 3). The data depicted in Fig. 2 indicate that increasing 
levels of soil depth, except of 8 cm, had an inverse drift on the recovery of spore 
population. 
The observations, thus, explain the influence of soil depth levels on the 
recovery of AMF spores, suggesting that a good number of AMF spore 
population may be extracted from first two layers of soil ( 8 and 15 cm) (Table 
3). These findings are in complete agreement with the others workers who 
established that depth of sampling is also one of the important factors, which 
may influence the assessment of species composition and richness. Prasad 
(2004), while studying the occurrence of AMF at four soil depths in non 
cultivated, disturbed and non fertile soil of Bihar, recorded the largest spore 
numbers of Glomus fasciculatum, G. aggregatum, G. mosseae, G. constrictum, 
G. intraradices, Acaulospora tuberculata, A. laevis, Gigaspora sp. and 
Sclerocystis sp. at a depth of 15cm, followed by 8, 23 and 30 cm. Contrary to 
this, An et al. (1990) emphasized to take the soil samples fi"om more than 50 cm 
surface, because some species appeared to be more abundant in the deeper soil 
profile. 
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C. Assessment of AM fungi in diverse host crop and location : 
a. In kharifcroys at Pantnagar 
The observations recorded, on spore population, root colonization and 
frequency of AM fungi in diverse group of kharif season crops [cereal (maize), 
spice (turmeric) and vegetables (brinjal, chilli and okra)], are presented in Table 
1-2, Fig. 3 and Plate 3-4. 
It is evident from the results (Table 1) that the occurrence and association of 
AM fungi significantly varied in these crops. Among all crops, significantly 
maximum spore population (32 spores gm''soil) and root colonization (28%) was 
recorded in a cereal crop i.e., maize. On the other hand, of all three vegetables 
(okra, brinjal and chilli), okra yielded maximum spore population (27 spores gm" 
'soil) and root colonization (14%). While as, a spice crop i.e., turmeric was noted 
to be significantly at par with okra, thereby exhibiting 25 spores gm"'soil and 12% 
root colonization by AM fungi ( Table 1). The differences in spore population of 
AM fungi were also insignificant in remaining two vegetable crops namely, 
brinjal (21 spores gm"'soil) and chilli (20 spores gm''soil), but these crops 
visualized 10% and 6% root colonization, respectively and hence exhibited a 
significant difference from each other (Table 1, Plate 3,4). 
In isolations, a total of six AMF species belonging to three genera Glomus, 
Gigaspora and Acaulospora were yielded from the rhizosphere of this group of 
kharif crops (Table 2). Of all AMF species, the occurrence of Glomus sp. was 
more dominating, followed by Gigaspora and Acaulospora. The occurrence of all 
these AMF species did not notice in all crops. Among all kharif cro^s, only maize 
and turmeric exhibited the association of 5 AMF species (Plate 3 a-d), but 
remaining three vegetables i.e., brinjal, chilli and okra had association of only 
single AM fungus namely, G. macrocarpum, G. mosseae and Gigaspora sp., 
respectively (Table 2, Plate 4 e-j). Though, G. intraradices appeared to be more 
commonly associated with all 5 host crops followed by G. macrocarpum (3), G. 
mosseae (3) and G. pachycaulis (3), Gigaspora sp. (2) and Acaulospora sp.(l) 
(Table 2, Plate 3-4). 
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The results of this study clearly indicate that spore population, root 
colonization and distribution of AM fungi varied significantly in these crops 
(Table 1-2, Fig. 3). Spore population ranged from 20 to 32 spores gm"'soil, being 
maximum in maize, while as root colonization varied from 6 to 28% occurring in 
chilli and maize, respectively (Table 1, Fig. 3). However, remaining other two 
vegetable crops (brinjal and okra) and one spice crop (turmeric) were found to be 
significantly at par in AM colonization when compared from one and another. 
Similarly, the differences in AMF spore population, in brinjal and chilli in one 
hand and in okra and turmeric on the other hand, were found to be non-significant 
from each other (Plate 3, 4). The data plotted together in Fig. 3 clearly visualize a 
wide gap between population dynamics and its colonization. Overall the spore 
population was on their higher side than the root colonization in all kharif crops. 
The highest peaks of spore population and root colonization were observed in 
maize, followed by other crops exhibiting relatively a steep decrease. 
With respect to frequency of AMF species in these crops, a total of six 
species belonging to three genera Glomus, Gigaspora and Acaulospora were 
yielded, however, Glomus was more dominant than Gigaspora and Acaulospora. 
G. intraradices was noted in all 5 host crops, followed by G. macrocarpum (3), 
G. mosseae (3), G. pachycaulis (3), Gigaspora sp.(2) and Acaulospora sp.(l). Of 
all crops, only maize and turmeric showed association of 5 AMF species, where 
as remaining all three vegetables yielded only 2 AMF species. Interestingly, 
Gigaspora sp. was yielded in two crops (okra and turmeric) and Acaulospora sp. 
only in maize. 
It could safely be assumed from these observations that AMF diversity exists 
in relation to different group of crops i.e., cereals, spices and vegetables. It also 
holds a strong view of Bohrer and Amon (2004), who (collected six AMF species 
namely. Glomus, Acaulospora, and Gigaspora from rizospheric soil of cereals, 
spices and vegetables) recorded the dominance of Glomus species. These results 
are also in complete agreement with several other studies, wherein the AMF 
diversity has been reported in relation to various ecosystems, host crops, and 
seasons (Shamim et al, 1994; Quilambo, 2003; Strack, 2003; Brundrett, 2004; Gai 
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et al., 2006; Khanam et al., 2006; Mehrotra, 2007; Rani and Manoharachary, 2007; 
Mishra et al., 2008; Dwivedi, 2008). The level of AM association is also reported 
to be dependent on root morphology, metabolism rate of plant growth and soil 
conditions, which play an important role in regulating the AM colonization and 
spore count (Warner and Mosse, 1980). In natural ecosystem, the seasonal 
fluctuation of mycorrhizal associations is also found to be closely related to plant 
phenology (Guadarrama and Alvarez-Sanchez, 1999; Bohrer and Amon, 2004). 
b. In Rabi crops at Aligarh 
The data recorded on spore population, root colonization, frequency and 
density of AM fungi in three pulse crops i.e. chickpea, lentil and field pea, are 
presented in Table 4-12 and Fig. 4-9. The observations of AMF root colonization 
in different accessions of pulse crops studied under Fluorescent Stero-microscope 
are presented in Plate 5-28. 
i). Chickpea 
The observations recorded, on spore population, root colonization, 
frequency and density of AM fungi in 20 chickpea accessions, are presented in 
Table 4-6, Fig. 4-5 and Plate 5-23. 
Spore population 
The spore population of AM fungi varied significantly in chickpea 
accessions and ranged from 16.33 to 27.33 spores gm''soil, being maximum in 
IPC-05-37, followed by IPC-04-73 (27 spores gm"'soil), and minimum in IPC-05-
83 (16.33 spore gm''soil). Spore population recorded in remaining other chickpea 
accessions, though ranging from 16.33 to 25.66, yet it did not show significant 
differences when compared from each other (Table 4). 
a. Root colonization 
Root colonization among the chickpea accessions was also significantly 
different and ranged from 18.66 to 38.0 percent (Table 4), but significantly 
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maximum (38%) root colonization was recorded in two accessions viz., IPC-05-
37 and IPC-05-76 (Plate 14,16) and its minimum was observed in IPC-05-83 
(Plate!8). Remaining other chickpea accessions, except IPC-05-16 ( 34.00%) and 
IPC-05-59 (34.66%) were found to be significantly at par and exhibited 18.66 to 
33.33 percent root colonization (Table 4, Plate 6,15). 
b. Frequency and density 
It is evident from Table 5-6 and Fig. 5 that seven AMF species belonging 
to order Glomales, were yielded from rhizosphere of 20 different chickpea 
accessions, but distribution of these AMF species varied from accession to 
accession (Table 5). The identified AMF species were Glomus intraradices, G. 
mosseae, G. macropcarpum G. corona turn, G. pachycaulis, A. spinosa and A. 
scrobiculata (Table 5). 
The frequency and density of these AM flingi significantly varied among 
all chickpea accessions. Glomus intraradices had maximum frequency (85%) and 
density (0.85) in all chickpea accessions, followed by G. macrocarpum (83% and 
0.83) and G. mosseae (78.3% and 0.78). However, the frequency of some other 
AMF species, namely G. pachycaulis (48.3%), A. spinosa (39.6%) and 
Acaulospora scrobiculata (38.3 %), were found to be significantly at par in all 
accessions (Table, 6). Interestingly, the differences in frequency of, G. intraradices 
(85%) and G. macrocarpum (83%) in one hand and of G. mosseae (78.3%)) and G. 
coronatum (66.6%) on the other hand, were non- significant when compared from 
one and another (Table 6). 
It is, therefore, clear from the results that diversity and distribution of AMF 
varied in all 20 chickpea accessions. A total of 7 AM morphotypes belonging to 
the genus Glomus and Acaulospora were obtained from the chickpea accessions, 
but Glomus species dominated in the rhizosphere of these chickpea accessions. 
High frequency and density of G.intraradices, therefore, suggest that it has the 
ability to exploit the rhizosphere of these chickpea accessions. As far as the 
distribution of AMF species in individual accessions is concemed,Jhe accessions 
55 
also had a distinct variation in their response or otherwise preference to AMF 
species (Table 5). 
This report is in close agreement with earlier studies reported the 
dominance of Glomus species in the rhizosphere of other plants (Vyas and Soni, 
2000; Dwivedi et al, 2003; Dwivedi et al, 2004; Vyas et al, 2006). Furthermore, 
AM root colonization is a dynamic process which is influenced by AM strains, 
host, cultivar susceptibility, and feeder root condition at the time of sampling and 
edapho- climatic factors (Vyas, 2006). However, Chandra and Jamaluddin (1999) 
opined that the quality and type of AM propagules also affect the dynamics of 
root colonization, which is also increased by increasing the age of plant. 
ii. Lentil 
The observations recorded, on spore population, root colonization, 
frequency and density of AM fungi in 15 lentil accessions, are presented in Table 
7-9, Fig. 6-7 and Plate 24-26. 
a. Spore population 
The results presented in Table 7 indicate that spore population of AM 
fungi significantly varied among the 15 lentil accessions and ranged from 14.33 to 
28.66 spores gm'' soil, being maximum in L-4584 (28.66), followed by RLG-109 
(26.66), VL-136 (26.00), VL-518 (24.66) and KLB-976 (24.33). While as, all the 
differences of spore population these accessions did not differ significantly in 
when compared from each other. Although, the spore population in remaining 
lentil accessions was also observed to be non-significant when was compared 
from one to another (Table 7). 
b. Root colonization 
The data presented in Table 7 reveal that root colonization by AMF 
species was also significantly different in lentil accessions, it ranged from 10.0 to 
38.0 percent, being maximum in L-4584 (Plate 26-b ) and minimum in IPL-314 
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(Plate 24-d). Seven lentil accessions namely, LL-1024, IPL-314, VL- 517, LL-
1122, VL-518, VL-4 and VL-137 were noted to be statistically at par and showed 
relatively a lower percentage of root colonization (10.0 to 28.66%) (Plate 24-26). 
Remaining other 8 lentil accessions also did not differ significantly, thereby 
resulting 29.33 to 38.0 percent root colonization by AM fungi (Table 7). 
c. Frequency and Density 
The observations presented in Table 8-9 and Fig. 7 indicates that 
distribution and frequency of AMF species varied significantly among the lentil 
accessions. Here too, seven AMF species belonging to Glomus (5) and 
Acaulospora (2) were yielded from rhizosphere of 15 lentil accessions (Table 8). 
Among all accessions, G. intraradices exhibited significantly maximum 
frequency (93.30 %) and density (0.93), followed by G. mosseae (77.7% and 0.77) 
G. macrocarpum (75.5 % and 0.75), G. coronatum (59.9% and 0.59). However, 
remaining three other AMF species namely, G. pachycaulis (48% and 0.48J 
Acaulospora scrobiculala (46.6% and 0.46), and A. spinosa (37.7% and 0.37) did 
not differ significantly in the differences of their frequency when compared from 
each other (Table 9). 
It is, thus, clear from these results that, here too, a significant variation 
exists in the distribution of AMF species in ail lentil accessions, which could also 
be attributed to influence the spore population and root colonization in the 
accessions. The diversity in AM fungi have also been reported by several other 
workers and these findings are in conformity with other reports of Singh and 
Singh (2001), Katdare and Bagool (2007), Zhang et al.ilOOl), who also noted the 
predominance of Glomus sp. in rhizosphere of other plants. However, Chandra and 
Jamaluddin (1999) stated that AMF infection in roots is also increased in the 
increasing age of plants. 
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iii. Field pea 
The observations recorded, on spore population, root colonization, 
frequency and density of AM fungi in 10 field pea accessions, are presented in 
Table 10-12, Fig.8-9 and Plate 27-28. 
a. Spore population 
The data presented in Table-10 reveal a significant difference in spore 
population of AM fungi among 10 field pea accessions. Spore population in these 
accessions ranged from 15.66 to 30.66 spore's gm"' soil, but its maximum was 
recorded in NDP-8-413 (30.66) and minimum in accession HFP-621 (15.66). 
However, the differences in spore population recorded in all 10 accessions, except 
NDP-8-413, were found to be non- significant. 
b. Root colonization 
The percent root colonization also varied significantly in field pea 
accessions ranging from 17.33 to 38.66 percent different, but maximum was 
recorded in NDP-8-413 ( Plate 27- e) and minimum in HFP-621 (Plate 28-c). All 
these 10 accessions were, however, found to be statistically at par when their 
differences of percent root colonization were compared from one to another. 
c. Frequency and density 
It is evident from Table-11 that seven AMF species namely, Glomus 
intraradkes, G. mosseae, G. macrocarpum, G. coronatum, G. pachycaulis, 
Acaulospora spinosa and A. scrobiculta were found to be associated with the 
rhizosphere of 10 different field pea accessions. 
The frequency of AMF species in field pea accessions varied significantly 
from 53.33 to 90.0 percent, being maximum of Glomus intraradkes (90.0% and 
0.90), followed by Glomus pachycaulis (86.6% and 0.86), G. macrocarpum 
(80.0% and 0.80), G. coronatum (76.6% and 0.76). However, the differences in 
the frequency of, Acaulospora spinosa (70% and 0,70), G. mosseae (53.33% and 
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0.53) and Acaulospora scrobiculata (53.33% and 0.53), were noted to be 
statistically at par when compared from each other (Table 12). 
The results of present study corroborate with the earlier findings of 
Stukenbrock and Rosendohl (2005), Sharif and Moawad (2006) and Li et al. 
(2007). The variation in frequency of AMF species may be attributed to different 
influencing factors which seem to play an important role in regulating the intense 
microbial activity in the rhizosphere of plants. Moreover, these fungi are too 
sensitive to edapho-environmental conditions. According to Bakshi (1974), 
moisture plays a responsible role in increasing the population of AM fungi. While 
as Bagyaraj (1981) clearly pointed out that organic matter influences the soil 
structure, pH, nutrient profile and water holding capacity and all these may directly 
or indirectly influence the development and efficiency of AM fungi. Mishra et al. 
(2008) also found that availability of oxygen in water may regulate the occurrence 
of AM fungi in rainy season. 
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Table 1. Occurrence of AM fungi in different crops during Kharif season. 
Crop(s) 
Maize {Zea mays) 
Turmeric {Curcuma longa) 
Okra (Abelmoschus esculentus) 
Brinjal {Solarium melongena) 
Chilli {Capsicum annum) 
CD. at P=0.05 
No. of Spores* 
(gm' soil) 
32.0 
25.0 
27.0 
21.0 
20.0 
2.7 
Root 
colonization* 
(%) 
28.0 
12.0 
14.0 
10.0 
6.0 
3.0 
*Mean of 3 replicates 
Table 2. Frequency of AMF species in different crops during kharif season. 
AMF species 
Glomus intraradices 
Glomus macrocarpum 
Glomus mosseae 
Glomus pachycaulis 
Acaulospora spp. 
Gigaspora spp. 
Crop(s) 
Maize 
+ 
-f 
+ 
+ 
+ 
-
Okra 
+ 
-
-
-
-
+ 
Chilli 
4-
-
+ 
-
-
-
Turmeric 
+ 
+ 
+ 
+ 
-
+ 
Brinjal 
+ 
+ 
-
-
-
-
Table 3. Estimation of AM fungi at varying soil depth during kharif season. 
Depth of soil (cm) 
8 
15 
25 
30 
No. of spores* 
(gra' soil) 
26 
32 
22 
18 
CD.atP=0.05 3.3 
Mean of 3 replicates 
Table 4. Occurrence of AM fungi in different chickpea accessions. 
Accessions 
IPC-05-41 
IPC-05-16 
SAKI-9516 
IPC- 05-30 
IPC- 05-36 
IPC- 05-68 
IPC- 05-74 
IPC- 05-64 
IPC- 04-54 
IPC- 04-73 
IPC- 05-37 
IPC- 05-59 
IPC- 05-76 
IPC-05-17 
IPC- 05-83 
IPC- 05-79 
IPC- 05-34 
IPC- 05-61 
DCP-92-3 
IPC- 05-65 
CD. at P=0.05 
No. of spores* 
(gm' soil) 
18.66 
19.66 
21.66 
23.66 
18.33 
18.00 
18.33 
18.00 
19.00 
27.00 
27.33 
25.66 
23.66 
20.33 
16.33 
17.00 
18.66 
19.33 
21.66 
20.00 
10.21 
Root colonization* 
(%) 
31.33 
34.00 
33.33 
36.66 
26.00 
25.33 
26.00 
27.33 
21.00 
27.33 
38.00 
34.66 
38.00 
25.33 
18.66 
26.00 
24.66 
22.66 
24.00 
24.00 
15.76 
Mean of 3 replicates 
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Table 6. Frequency and density of AMF species in chickpea accessions. 
AMF species 
Glomus intraradices 
G. mosseae 
G. macrocarpum 
G. coronatum 
G. pachycaulis 
Acaulospora spinosa 
A. scrobiculata 
CD. at P=0.05 
Total 
occurrence* 
17.0 
15.6 
16.3 
13.0 
9.6 
8.0 
7.6 
3.1 
Frequency* 
(%) 
85.0 
78.3 
83.3 
66.6 
48.3 
39.6 
38.3 
16.99 
Density* 
0.85 
0.78 
0.83 
0.66 
0.48 
0.39 
0.38 
* Mean of 3 replicates 
Table 7. Occurrence of AM fungi in different lentil accessions. 
Accessions 
LL1024 
VL-133 
LL-1229 
IPL-314 
VL-517 
LL-1122 
VL-518 
VL-4 
KLB-976 
L-4694 
PL-083 
L-4584 
RLG-109 
VL-136 
VL-137 
CD. at P=0.05 
No. of spores * 
(gm' soil) 
20.00 
24.00 
23.00 
14.33 
19.66 
16.00 
24.66 
18.33 
24.33 
22.00 
22.33 
28.66 
26.66 
26.00 
15.00 
9.87 
Root colonization * 
(%) 
28.66 
32.00 
31.33 
10.00 
24.00 
18.00 
28.66 
20.00 
29.33 
31.33 
28.66 
38.00 
34.66 
36.00 
14.00 
14.02 
Mean of 3 replicates 
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Table 9. Frequency and density of AMF species in lentil accessions. 
AMP species 
Glomus intraradices 
G. mosseae 
G. macrocarpum 
G. coronatum 
G. pachycaulis 
Acaulospora spinas a 
A. scrobiculata 
CD. at P=0.05 
Total 
occurrence* 
14.0 
11.6 
11.3 
9.0 
7.3 
5.6 
7.0 
2.9 
Frequency* 
(%) 
93.3 
77.7 
75.5 
59.9 
48.8 
37.7 
46.6 
19.61 
Density* 
0.93 
0.77 
0.75 
0.59 
0.48 
0.37 
0.46 
* Mean of 3 replicates 
Table 10. Occurrence of AM fungi in different field pea accessions. 
Accessions 
HFP-415 
NDP-8-412 
HFP.530 
IPF-7-20 
NDP-8-413 
DMR-61 
RFP-42 
HFP-621 
HFP-529 
HFP-531 
CD. at P=0.05 
No. of spore* 
(gm'soil) 
24.33 
21.66 
26.33 
22.66 
30.66 
26.66 
22.66 
15.66 
20.33 
18.00 
11.88 
Root colonization* 
(%) 
32.00 
28.00 
36.66 
24.00 
38.66 
31.33 
27.33 
17.33 
25.33 
22.66 
17.86 
Mean of 3 replicates 
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Table 12. Frequency and density of AMF species in different field Pea 
accessions. 
AMF 
Glomus intraradices 
G. mosseae 
G. macrocarpum 
G. coronatum 
G. pachycaulis 
Acaulospora spinosa 
A. scrobiculata 
CD. at P=0.05 
Total 
occurrence* 
9.0 
5.3 
8.0 
7.6 
8.6 
7.0 
5.3 
1.8 
Frequency* 
(%) 
90.0 
53.3 
80.0 
76.6 
86.6 
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SUMMARY 
In order to investigate the variation in occurrence and association of arbuscular 
mycorrhizal (AM) morpliotypes or community in diverse host crop, season and agro-
ecological situation, the present study was conducted during kharif and rati season 
2008-09 at experimental fields and in the laboratories of Department of Biological 
Sciences, G.B.P.U.A. &T., Pantnagar and Department of Plant Protection, Faculty of 
Agricultural Sciences, A.M.U., Aligarh. 
Soil samples, collected from kharif crops (maize, turmeric, brinjal, chilli and 
okra) and rabi crops (chickpea, lentil and field pea) planted at study sites Pantnagar 
and Aligarh, respectively, yielded a total of 8 species of AM fungi belonging to three 
genera Glomus, Acaulospora, Gigaspora, however genus Glomus, (5) was more 
dominant followed by Acaulospora, (2) Gigaspora (0) with number of species given 
in the parentheses. 
Increasing levels of soil depth, except of 8 cm, had an inverse trend on the 
recovery of spore population of AM fungi in a fallow field. Spore population was 
significantly different at varying soil depth (8,15, 25 and 30 cm), though maximum 
32.0 spores were obtained from 15 cm depth followed by 8 cm (26.0), yet its 
minimum (18.0) recovered from extreme deep soil level of 30 cm. 
During kharif season 2008-09 at Pantnagar, the distribution, spore population 
and root colonization of AM fungi varied significantly in diverse group of kharif 
sown crops. A total of six AMF species belonging to three genera Glomus, Gigaspora 
and Acaulospora were recovered from the rhizosphere of these crops, but Glomus sp. 
was more dominant than Gigaspora sp. and Acaulospora sp. AMF species richness in 
these crops ranged from I to 5 and all did not occur in all crops; however G. 
intraradices was noted in all 5 crops, followed by G. macrocarpum, G. mosseae and 
G. pachycaulis. Interestingly, Gigaspora sp. was recovered from two crops (okra and 
turmeric) but Acaulospora sp. only from maize. Among the crops, only maize and 
turmeric showed association of 5 AMF species, where as remaining all three 
vegetables yielded only 2 AMF species. In these crops, spore population ranged from 
20 to 32 spores gm''soil, being maximum in maize, but root colonization varied from 
6 to 28% occurring in chilli and maize, respectively. However, the differences in 
spore population, in brinjal and chilli in one hand and in okra and turmeric on the 
other hand, were found to be non-significant from one and another. 
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During rabi season 2008-09 at Aligarh, the variation in occurrence and 
association of AM fungi was studied in different germplasm lines/ accessions of three 
pulse crops i.e. chickpea, lentil and field pea. The observations, thus, recorded clearly 
revealed a significant difference in spore population, root colonization, frequency and 
density of AM fungi in different accessions of these pulse crops. 
Among 20 chickpea accessions, the spore population and root colonization 
ranged from 16.33 to 27.33 spores gm"'soil and 18.66 to 38.0 percent, respectively, 
being maximum in accession lPC-05-37. The frequency and density of seven AMF 
species isolated from these accessions, varied among accessions, being maximum of 
Glomus intraradices (85.0%) followed by G. macrocarpum (83.3%) and G. mosseae 
(78.3%). Other species, namely G. pachycaulis, A. spinosa, and Acaulospora 
scrobiculata were not more frequent. 
Of all 15 lentil accessions, the spore population varied from 14.33 to 28.66 
spores gm"' soil, being maximum in L-4584 and minimum in IPL-314, but root 
colonization ranged from 10.0 to 38.0 percent being maximum in L-4584 and 
minimum in IPL-314. Here too, seven AMF species belonging to Glomus (5) and 
Acaulospora (2) were recovered, however G. intraradices had maximum frequency 
(93.3%), followed by G. mosseae and G. macrocarpum exhibited 77.7 and 75.5 
percent, respectively. 
In all 10 field pea accessions, the spore population and root colonization were 
ranged from 15.66 to 30.66 spores gm"' soil andl7.33 to 38.66 percent, respectively 
but maximum AMF population and colonization occurred in accession NDP-8-413 
and its minimum was in HFP-621. The frequency of seven AMF species varied from 
53.33 to 90.0 percent, being maximum Glomus intraradices followed by Glomus 
pachycaulis, G. macrocarpum and G. coronatum. 
It is worthy to note here in this study that there was a clear variation in the 
population dynamics and root colonization with respect to season and crops. During 
kharif season in all five crops, the spore population was more than that of percent root 
colonization; however it was reverse during rabi season in all three pulses. 
The present study, therefore, clearly indicated the existence of variation in their 
occurrence, association and diversity in AMF species with respect to different group 
of crops viz., cereals, spices, vegetables and pulses studied during kharif and rabi 
season at Pantnagar and Aligarh, respectively. 
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